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ABSTRACT 
vaultonburg, David L. M.S., Eastern Illinois University. November 1991. 
A Study of Periphyton, Sediment and Diatom Community Structure as 
Monitors of Heavy Metal Pollution in the Embarras River and Brushy Fork. 
The purpose of this study was to evaluate periphyton (diatom) and 
sediment heavy metal content and diatom community structure as potential 
monitors of heavy metal pollution in the upper reaches of the Embarras 
River system. The study was initiated due to recent industrialization 
in the area which could potentially contribute to the present heavy 
metal burden of Brushy Fork and the Embarras River. These streams are 
already subject to agricultural runoff, wastewater plant effluent, 
landfill leachate and other miscellaneous urban and highway runoff. The 
Embarras River system drains an area of approximately 2800 square miles 
in 11 east-central Illinois counties from the origin of the Embarras 
River, south of Champaign/Urbana, to the river's confluence with the 
Wabash River near Vincennes, Indiana. 
Artificial substrates, consisting of modified Catherwood 
Diatometers with attached Plexiglas sheets, were deployed in the 
Embarras River, upstream (UPEMB) and downstream (DNEMB) of the mouth of 
Brushy Fork, and in Brushy Fork, upstream (UPBFK) and downstream (DNBFK) 
of the mouth of Newman Drain #2, for successive 2 week intervals from 30 
May 1990 through 22 September 1990. A sediment sample was also 
collected during each sampling interval along with data on stream flow, 
depth, pH, conductivity, temperature and dissolved oxygen. 
Subsamples of dry material, which included diatoms, were scraped 
from the artificial substrates for use in determination of i) total 
cations, ii) dry mass and volatile mass and iii) community structure. 
iv 
subsamples were analyzed by the Illinois Natural History Survey 
laboratory at Urbana, Illinois using inductively coupled plasma-atomic 
emission spectroscopy (ICP-AES) to determine the concentration (ppm) of 
the following metals in periphyton and sediment: Ag, Al, As, B, Ba, Be, 
Ca, Cd, Co, Cr, CU, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, V 
and Zn. Several potentially toxic heavy metals (Al, Ba, Co, Cr, Fe, Mn, 
Ni, V and Zn) were detected in sediment and/or periphyton, some of which 
(Al and Fe) were alarmingly high. Comparison of water, sediment and 
periphyton data showed periphyton was the superior method for monitoring 
heavy metals in water. 
Community structure determinations showed Achnanthes Janceolata 
lanceolata, Cocconeis placentula euglypta, Cocconeis placentula 
placentula, Cyclotella meneghiniana, Navicula lanceolata lanceolata and 
Navicula viridula viridula were the most important of the 77 varieties 
observed at UPEMB, DNEMB, UPBFK and DNBFK during this study. A. 
lanceolata lanceolata, C. placentula euglypta and C. placentula 
placentula were the early dominants, while N. lanceolata lanceolata, N. 
viridula viridula and Cyclotella meneghiniana were generally late season 
replacements. Fluctuations observed in community structure are 
suspected to have resulted from some agent (e.g., buildup of toxins, 
nutrients, water temperature, dissolved oxygen) related to flow. 
v 
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INTR.ODUCI'ION 
The degradation of streams worldwide is partially the result of 
industrialization, energy production, modern farming practices 
(i.e., chemicals and land clearing), land development and deforestation. 
The effects of these practices on the aquatic environment include 
increased burdens of heavy metals, pesticides, herbicides and industrial 
chemicals, as well as increased sedimentary loads from erosion. This 
can result in streams and lakes which are low in species diversity and 
productivity (Takamura et al. 1989) and which have reduced economic and 
aesthetic value. 
Extensive research has been performed on aquatic communities over 
many decades. The most notable work was carried out on the Illinois 
River beginning in 1877, by Steven A. Forbes, and continues today. The 
goal of Forbes' research was to characterize species indigenous to the 
Illinois River. In doing this it would be possible to compare the data 
he collected with data from future surveys, making it possible to assay 
the extent of environmental change which had occurred. Forbes 
recognized the importance of the fishery industry and the rapid decline 
of the quality of the water due to sewage from the City of Chicago. In 
1900 the City opened a sewage canal which emptied into the Illinois 
River (Wilhmin 1975). Kofoid noted that the presence of sewage and 
other organic matter initiates a series of changes within the biological 
community (Wilhmin 1975). Industrial wastes and erosional runoff 
(Burkholder and CUker 1991) initiate similar changes as well. 
Pollution due to heavy metals has become a global concern. Many 
industries release heavy metals into the terrestrial and aquatic 
environments. According to Nriagu and Pacyna (1988) domestic wastewater 
effluents (As, Cr, CU, Mn and Ni), coal-burning power plants (As, Hg and 
2 
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Se), non-ferrous metals smelting (Cd, Ni, Pb and Se), iron and steel 
manufacture (Cr, Mo, Sb and Zn), and sewage sludge disposal (As, Mn and 
Pb) are the primary sources of heavy metals pollution in aquatic 
ecosystems. Atmospheric fallout (Pb and V) is also a major contributor. 
Many techniques have been employed, utilizing aquatic organisms, 
for monitoring the effects of environmental perturbations on aquatic 
ecosystems. Methods of biological assessment range from simple studies 
of flora and fauna to complex field surveys, community analyses and 
lengthy in situ bioassays (Friant and Koerner 1981). The major groups 
of organisms used as indicators include algae, bacteria, protozoa, 
macroinvertebrates and fish. 
Biomonitoring is a suitable technique for the assessment of heavy 
metal pollution. The use of a biomonitor provides useful information on 
the bioavailability of heavy metals in the aquatic system. Whitton 
(1984) describes a monitor as an organism used for the quantitative 
assessment of an environmental parameter. In theory, biomonitors 
integrate the effects of all environmental factors which influence the 
bioavailability of contaminants and they integrate doses of pollution 
over time (Bailey and Stokes 1985), which water samples collected at one 
point in time will not reflect. Trollope and Evans (1976) concluded 
from their research that metal concentrations in algae may be better 
indicators of metals pollution when compared to monitoring ambient water 
concentrations. 
In 1913, Forbes proposed using specific organisms in natural 
communities as indicators of pollution (Wilhmin 1975). Aquatic plants, 
specifically algae, vary in their sensitivities to pollutants, 
especially heavy metals. Species which are metal-tolerant are able to 
4 
survive in water bodies which are slightly enriched with heavy metals 
(Stokes 1983). Within this group are populations of algae which are 
sensitive to metals pollution and are easily eliminated from the 
community as a result of minor metal enrichment. Algal species in which 
all populations can tolerate metals pollution, to some extent, are 
metal-resistant (Stokes 1983). 
Whitton (1984) outlines several advantages of using aquatic plants 
(i.e., algae and higher plants) as biomonitors of metal pollution: i) 
they give an integrated picture of the pollution of a system which may 
be important when pollution is intermittent (Say et al. 1981); ii) due 
to high levels of metals often found in plants, detection sensitivity is 
increased (Dietz 1973); iii) metals accumulated by plants give a better 
indication of which ones affect the aquatic system, compared to chemical 
analyses which do not differentiate between biologically active and 
inactive metals (Empain et al. 1980); iv) dried plant material is more 
easily kept compared to water samples; v) information obtained may be 
useful in developing a heavy metal removal system. However, due to the 
wide variety of biomonitoring techniques employed, Whitton (1984) points 
out that efforts need to be focussed on developing standard methods of 
algal sampling, harvesting, washing and digesting. 
Whitton (1975) states that diatom communities on artificial 
substrates are one of the more widely used biomonitors in the United 
States. Artificial substrates were first extensively used by Butcher in 
1937 (Whitton 1975). In the past, diatoms on artificial substrates have 
been valuable tools for monitoring water quality using community 
analyses as biomonitors (Patrick 1976). When community analyses are 
considered along with metal accumulation, information is obtained on the 
5 
toxicity of the metals. 
Sediments have been utilized as abiotic monitors of aquatic 
pollution. Bailey and Stokes (1985) suggest that sediments act as a 
sink for metals accumulation. Investigations have shown that sediments 
can contain as much as 1,000 times the concentration of a given metal as 
the water (Bailey and Stokes 1985). Sediment metal concentrations have 
been shown to be positively correlated with organic content and particle 
size (Combest 1991) and algal metal concentrations have been shown to be 
positively correlated with sediment metal content (Bailey and Stokes 
1985). Friant and Koerner (1981) suggest using algae for monitoring the 
release of heavy metals from sediments. 
This study was initiated due to the citing of a heavy metal 
recycling facility near Newman, IL which could potentially affect 
aquatic communities in Brushy Fork and the Embarras River. The Embarras 
River originates south of Champaign, IL (Figure 1) and flows 
approximately 194 miles, through once Illinois prairie, to its 
confluence with the Wabash River near Vincennes, Indiana. The Embarras 
drains an area of approximately 2800 square miles in eleven east-central 
IL counties (Ettinger 1987). Brushy Fork, a tributary of the Embarras, 
originates northeast of Newman, IL and enters the Embarras in Douglas 
County. The Embarras drainage system receives largely agricultural 
runoff, municipal and industrial waste effluents and other miscellaneous 
urban and highway runoff. 
In 1987 the Illinois Environmental Protection Agency conducted an 
intensive study of the Embarras River basin to obtain data on the 
species of organisms present and to ascertain the condition of the 
various reaches of the river. Among the data collected were metal 
6 
Figure 1. Embarras River and Brushy Fork drainage area in Champaign, 
Edgar and Douglas Counties which potentially affect the 
sampling sites used during this study. 
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analyses of one-time "grab" samples of water, however, no data was 
collected on algal communities. Therefore, this study was initiated to 
i) obtain baseline data on the community structure of attached algae 
(periphyton), specifically that of diatoms and ii) obtain baseline data 
on periphyton and sediment metal concentrations and to compare those 
concentrations with water analyses. If heavy metal concentrations are 
detected at higher levels in periphyton or sediment, or more metals are 
detected when compared to water analyses, then the data suggests that 
particular parameter is a more efficient indicator of environmental 
metals pollution. Periphyton community structure is useful for 
monitoring the toxic effects of metals and other environmental 
perturbations. Species which are sensitive to a given pollutant 
(i.e., heavy metals, herbicides, etc.) may become eliminated from the 
community as a result of toxic conditions. By monitoring fluctuations 
in community structure, it may be possible to predict the onset of acute 
or chronic pollution. 
METH:ODS .AND MATER..I.AI....S 
FIELD SAMPLING 
Sam.pie site selection 
Preliminary field investigations and studies of United States 
Geological Survey topographic maps led to the selection of four sample 
sites (Figure 2). Site selection was based on two criteria: i) ease of 
access to the site (i.e., sites selected were located near bridges) and 
ii) proximity to the mouths of Brushy Fork and Newman Drain #2. 
Sampling sites were established in the Embarras River 4.7 km downstream 
(DNEMB) of the mouth of Brushy Fork and 3.7 km upstream (UPEMB), and in 
Brushy Fork 3.0 km upstream (UPBFK) and 1.1 km downstream (DNBFK) of the 
mouth of Newman Drain #2. 
Sam.piing regime 
Artificial substrates were continuously exposed, for two week 
intervals (Friant and Koerner 1981), from 30 May 1990 to 22 September 
1990. Substrates, 35.5 cm X 24.4 cm Plexiglas sheets, were attached via 
plastic tie straps to modified Catherwood Diatometers consisting of 
styrofoam blocks attached at either end of a 71 cm X 15 cm PVC plastic 
plumbing pipe framework. Floats were anchored to cement blocks on the 
stream bottom with ample rope to compensate for depth fluctuations. At 
the end of each sampling interval, the artificial substrates were 
recovered, labelled to indicate site and upper surface, air dried, and 
replaced with clean substrates. Once dry, each substrate was wrapped 
with plastic wrap to minimize damage to the diatom community. A 
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Figure 2. Location of sampling sites in the Embarras River, upstream 
(UPEMB) and downstream (DNEMB) of the mouth of Brushy Fork, 
and in Brushy Fork, upstream (UPBFK) and downstream (DNBFK) 
of the mouth of Newman Drain #2. 
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sediment sample, for comparison with water and periphyton metal content, 
was collected with a petite ponar dredge. A portion of the sample was 
transferred to a Whirlpak plastic bag for storage and was frozen upon 
returning to the lab. Flow rate (m s-1) was measured with a water 
current meter (Gurley Pygmy Model F 583) at the surface, 0.1 m and 0.5 m 
off the bottom whenever possible. The instrument was calibrated for a 
test range of 0.15 to 1.21 m s-1• Depth was also recorded at that time. 
Surface conductivity, which gives some indication of the magnitude of 
dissolved ions, was measured with a Markson field conductivity meter. 
Dissolved oxygen and temperature profiles for the surface and 30 cm 
below the surface were determined utilizing a Yellow Springs Instrument 
Company dissolved oxygen meter which was air calibrated. Surface water, 
collected in a glass container rinsed with deionized water, was used for 
laboratory determination of pH utilizing a meter and probe (Orion Model 
407A) calibrated at pH 7.0 and 10.0. 
LABORATORY ANALYSES 
Sample preparation 
Numbered 10 mL vials were prepared for periphyton storage by 
rinsing with 503 nitric acid followed by three rinses with high quality 
water and drying for 24 hours at 103-105 °c in a dry convection oven. 
Vials were cooled in a desiccator and their tare masses established to 
0.1 mg. 
Periphyton (i.e., algae, which were mostly diatoms, and sediment) 
was removed from the artificial substrates by scraping across the narrow 
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dimension of the upper and lower surface of each substrate, with a 7.6 
cm glass microscope slide, in order to obtain three subsamples from each 
surface. Each subsample was placed in a separate vial, dried for 24 
hours in a dry convection oven at 103-105 °c, cooled in a desiccator and 
gross mass determined. Net mass of the periphyton was determined by 
subtraction of tare mass. Only subsamples from the upper surface were 
used for i) total cation determination, ii) dry mass and volatile mass 
determination and iii) community structure. 
Percent volatile mass was obtained by ashing a known mass of dry 
material at 550 ± 50 °c in a muff le furnace for 20 minutes as described 
for solids determination (APHA 1985). Evaporating dishes were initially 
prepared by incineration in the muffle furnace at 550 ± 50 °c for 1 hour 
to remove all combustible residues. After partial air cooling, the 
dishes were completely cooled in a desiccator. The tare mass of each 
dish was quantified to 0.1 mg. Samples of approximately 75 mg, 
accurately massed to 0.1 mg, were placed in the precombusted evaporating 
dishes, ashed, cooled, massed and reashed to ensure that total 
combustion had occurred. All samples were totally combusted after one 
ashing. Percent volatile mass was calculated by the following formula: 
percent volatile mass= (~f I M0 )(100), 
where: Mar = ash-free mass, and 
~ = original mass. 
Analysis of diatom community structure 
To facilitate accurate identification of the diatoms it was 
necessary to digest a portion of each sample designated for community 
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structure determinations. Approximately 60 mg of periphyton, massed to 
the nearest 0.1 mg, was digested in clean Pyrex centrifuge tubes with 
1 mL of concentrated sulfuric acid and a few crystals of potassium 
dichromate (Patrick and Reimer 1966). Samples were digested over a 48 
hour period which consisted of periodic agitation followed by rinsing 
down the centrifuge tube walls with deionized water. After digestion, 
the tubes were filled to 10 mL, shaken vigorously to suspend the 
digested material and centrifuged at 1,776 g for 10 minutes. The 
supernatant was removed, the tubes refilled to 10 mL with deionized 
water, shaken vigorously to resuspend the digested material and 
centrifuged again. The supernatant removal, refilling, resuspension and 
centrifuging process was repeated. Following the final rinse, the 
supernatant was removed and the tubes filled to 10 mL in preparation for 
mounting. 
A preliminary inspection of the initial suspension revealed the 
samples contained excessive sediment particles which would inhibit 
accurate diatom enumeration and identification. Therefore, dilutions of 
1:2, 1:5 and 1:10 were prepared from the original suspension. Fifty uL 
of each dilution and the original suspension were evenly distributed on 
separate circular (d = 1.2 cm) coverslips and dried on a hot plate. All 
4 dilutions of digested material were mounted in Permount on a glass 
microscope slide which was labelled for identification. 
Mounts were scanned horizontally on a Bausch and Lomb 
phase-contrast microscope, equipped with a Whipple grid, at lOOOX and 
the number of each species recorded per scan. Species were identified 
according to Patrick and Reimer (1966 and 1975), Tiffany and Britton 
(1952), Wolle (1894) and Dodd (1987). Successive scans were counted 
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until a minimum of 500 diatoms had been enumerated. The following 
criteria were used to determine which cells were counted: i) those cells 
which were at least half intact if they ii) were completely contained 
within the optical grid, but did not touch or extend past the bottom 
line of the grid or iii) if they touched the top line of the optical 
grid or extended into the grid from the top. The area of each scan was 
determined and the total area scanned recorded. From the relative 
number present, relative abundance (Krebs 1985) of each species was 
determined and the data sorted to rank species by decreasing abundance. 
To obtain the number of diatoms cm-2, a correction factor was 
calculated based on the dilution scanned and the manipulations necessary 
to produce that dilution. The following format was used to calculate 
the correction factors, 
where: Ac = Area of coverslip, 
~ = Total area counted, 
Fd = Factor based on dilution, 
(200 for a 1:10 dilution, 100 for a 1:5 dilution, 
40 for a 1:2 dilution and 20 for no dilution) 
V0 = Original volume of suspension, 
~ = Total mass scraped from Plexiglas, 
~ = Mass digested, 
~ = Area of Plexiglas scraped. 
The correction factor was used to equate the relative numbers counted 
with the area scraped from the Plexiglas allowing for direct comparison 
of sample dates and sites. 
Data on species richness and relative abundance were used for 
calculating the Shannon-Weaver Diversity Index (Shannon and Weaver 
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1963). Index values were used for spatial and temporal comparisons of 
species data. The formula used for calculating diversity was: 
H' = -sum p. (log p.) I I 
where: p. = the community proportion of species i. I 
Evenness (J), which is the ratio of measured diversity to maximum 
diversity (Pielou 1969), was calculated based on the formula: 
where: 
J' = H' I H' m 
H' = the calculated diversity index and H'm = the 
maximum possible diversity value, calculated as the log 
of number of taxa in a particular sample. 
Analysis of periphyton and sediments for metals 
Periphyton and sediment samples were analyzed by the Illinois 
Natural History Survey laboratory in Urbana, IL for total cations 
utilizing inductively coupled plasma-atomic emission spectroscopy 
(ICP-AES). One periphyton sample from each site for each date was 
submitted for analysis. Sediment samples from 13 June, 8 August and 22 
September 1990 were the only ones analyzed due to a shortage of funds. 
The following metals were determined by ICP-AES: silver, aluminum, 
arsenic, boron, barium, beryllium, calcium, cadmium, cobalt, chromium, 
copper, iron, potassium, magnesium, manganese, molybdenum, sodium, 
phosphorus, antimony, selenium, silicon, tin, vanadium and zinc. 
Before digestion, 80 g portions of the sediment samples were 
freeze dried to constant mass. Portions were remassed and percent 
moisture determined. Fine sediments were ground with a mortar and 
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pestle to pass a 100 mesh nylon sieve. 
Periphyton and sediments were subjected to the same chemical 
digestion procedure prior to metals analysis. Quadruplicate 100 mg 
aliquots of dry material were placed in 150 mL round bottom flasks and 
10 mL of nitric acid and 4.25 mL of 703 perchloric acid added. Flasks 
were heated on a Kontes Kjeldahl digestion apparatus until the nitric 
acid volatilized and dense white perchloric acid fumes appeared. At 
that time 5 mL of nitric acid was added and digestion continued until 
the white perchloric acid fumes appeared again. The process was 
continued until the solution was clear and colorless or pale yellow, 
indicating complete digestion. After cooling, two of the portions were 
diluted to 50 mL while the remaining 2 were digested further to 
solubilize any undigested residue, primarily silicon dioxide. These 2 
portions were quantitatively transferred to the Teflon liners of Parr 
acid digestion bombs and 3 mL of hydrofluoric acid added. The liners 
were sealed in the bomb which was heated in a muff le furnace at 140 °c 
for at least 2 hours. After cooling, the portions were quantitatively 
transferred to 60 mL polyethylene bottles and diluted to 50 mL. The 
digested periphyton and sediment material, along with matrix-matched 
standards, were analyzed for total cations utilizing a Jarrell-Ash Model 
975 Plasma AtomComp Spectrophotometer. Limits of detection for the 
instrument are presented in Appendix A, Table 11. 
STATISTICAL ANALYSES 
Two-factor (sampling site, sampling date) analysis of variance 
(ANOVA) was used to determine significant (p < 0.05) differences in 
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physical parameters (DO, temperature, etc.), community parameters 
(density, richness, etc.) and periphyton metal content. Parameters 
which did not show significant differences by site were considered 
replicates, and a single factor (sample date) ANOVA was performed 
utilizing the Scheffe method to test for significant differences between 
individual means (Neter and Wasserman 1974). 
RESULTS AND DISCUSSION 
Physical parameters 
Variations observed in water temperature during the study period 
occurred seasonally as expected (Figure 3). Temperature increased from 
late spring throughout the summer. However, temperature decreased at 
UPEMB, DNEMB and DNBFK from 11 July through 8 August and is suspected to 
have resulted from several rainfall events which occurred during that 
time period (Table 1) coupled with reduced air temperature (Figure 4). 
Water temperature increased again from 8 August through 25 August then 
declined to minima equivalent to values observed at the beginning of the 
study. Temperature at UPBFK increased steadily in relation to season 
and did not decline until 25 August. 
UPEMB, DNEMB and DNBFK were situated in wooded areas such that an 
extensive portion of each stream reach was shaded. Shading is most 
likely responsible for the slow recovery of temperature after the 
rainfall events and air temperature decline. In contrast, UPBFK was 
situated in open farmland such that most of that particular reach was 
exposed to direct sunlight, the probable cause of the elevated 
temperatures. 
Dissolved oxygen (Figure 3) fluctuated in opposition to 
temperature at UPEMB, DNEMB and DNBFK, as expected. At UPBFK, however, 
levels increased in conjunction with temperature from 25 July through 8 
September. Dissolved oxygen and temperature both declined at UPBFK 
after 8 September. During the period of elevated dissolved oxygen at 
UPBFK, a diatom bloom was observed. Reduced flow during that period 
probably aided in the buildup of oxygen. 
Flow and depth (Figure 5) generally decreased over the course of 
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Figure 3. A) Water temperature (0c) observed at UPEMB, DNEMB, UPBFK and 
DNBFK from 30 May 1990 through 22 September 1990. 
B) Dissolved oxygen (ppm) observed from 30 May 1990 
through 22 September 1990 at UPEMB, DNEMB, UPBFK and 
DNBFK. 
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Table 1. Rainfall recorded at Tuscola, IL (25.2 km west of the study area) from 
30 May 1990 through 22 September 1990. Total rainfall (in) for each 
2-week sampling interval is shown. Data were obtained from the 
Illinois State Water Survey. 
INTERVAL DATE INCHES INTERVAL DATE INCHES 
5/30-6/13 6/03 0.80 7/25-8/08 7/30 0.37 
6/05 0.17 8/04 0.24 
6/06 0.30 
6/07 0.25 TOTAL 0.61 
TOTAL 1.52 8/08-8/25 8/09 0.01 
8/11 0.72 
6/13-6/27 6/17 0.93 8/17 0.12 
6/20 2.36 8/20 0.22 
6/22 0.12 8/21 0.75 
8/22 0.05 
TOTAL 3.41 
TOTAL 1.87 
6/27-7/11 6/29 0.80 
6/30 0.12 8/25-9/08 8/29 0.65 
7/11 0.79 9/02 0.18 
9/07 0.02 
TOTAL 1.71 
TOTAL 0.85 
7/11-7/25 7/12 0.13 
7/13 0.06 9/08-9/22 9/14 0.08 
7/14 0.10 9/18 0.17 
7/15 0.05 9/19 0.71 
7/21 0.13 9/21 0.31 
7/22 1.46 9/22 0.01 
TOTAL 1.93 TOTAL 1.28 
24 
25 
Figure 4. Air temperature (°F) observed at the Charleston Water 
Treatment Facility, Charleston IL, for June (A), July (B), 
August (C) and September (D), 1990. 
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Figure 5. A) Stream flow (m s·l) observed at UPEMB, DNEMB, UPBFK and 
DNBFK from 13 June 1990 through 22 September 1990. 
Measurable flow was recorded at DNBFK only on 27 June 1990. 
B) Stream depth (m) at UPEMB, DNEMB, UPBFK and DNBFK from 
13 June 1990 through 22 September 1990. 
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the study. Increases were observed in conjunction with rainfall events 
(Table 1). On one occasion, 20 June, rainfall elevated flow to such an 
extent that the artificial substrates were lost at all sites but one. 
Flow was not detectible at DNBFK during most of the study due to the 
lack of sensitivity of the instrument. DNBFK was located in a large 
pool. 
Since conductivity and pH data (Figure 6) represent one point in 
time during each sampling interval, it was necessary to keep in mind the 
highly variable nature of these parameters. In general, conductivity 
was highest at the two upstream sites, while the opposite was true for 
pH. Conductivity declined on 27 June and 8 August possibly due to 
dilution brought about by rainfall (Table 1). Conductivity returned to 
the level observed at UPBFK when the study began, as flow decreased, 
while levels at UPEMB, DNEMB and DNBFK continued to decline. It is 
likely that the continued low conductivity at UPEMB, DNEMB and DNBFK was 
the result of lack of runoff to replenish ions, however, the increase 
seen at UPBFK is contradictory to this hypothesis. The pH at all sites 
was relatively stable throughout most of the study period with values 
increasing after 25 August. Decrease in pH through 25 August may be 
attributed to decreased diatom density (Figure 7), especially if it is 
assumed the density of all other algal forms fluctuated in a similar 
manner. If so, then pH may be correlated with algal density: as algal 
density decreases, co2 consumption decreases and a drop in pH results. 
Although algal density decreased after 25 August, the relationship 
between flow (i.e., contact time with algae) (Figure 5) and algal 
density probably resulted in increased consumption of co2, thereby 
resulting in increased pH. 
30 
Figure 6. A) Conductivity (umhos cm-1) observed at UPEMB, DNEMB, UPBFK 
and DNBFK from 30 May 1990 through 22 September 1990. B) The 
pH observed at UPEMB, DNEMB, UPBFK and DNBFK from 30 May 1990 
through 22 September 1990. 
31 
A 
0 796 
0 
,.-.... UPBFK I N 
0 TTO / I u I 
0 I 
T 745 I I 
v 
I 720 T 
y 
u 
695 
m 
h 670 0 
8 
I 646 0 
m 
620 
6/30 6/13 6/27 7/11 7/26 8/08 8/25 9/08 9/22 
B 
8.0 
7.9 
7.8 
7.7 
7.6 
~ 7.5 
7.4 
7.3 
7.2 
' ,/'UPBFK 
'· 
7.1 
.. __ .... -.... 
1.o+-----..---.....----..-----.-----1 
7/11 7/25 8/08 8/25 9/08 9/22 
32 
Figure 7. Mean diatom density at replicate sites (UPEMB, DNEMB, UPBFK 
and DNBFK) from 13 June 1990 through 22 September 1990. 
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METALS DETERMINATIONS 
Sediment monitoring 
Metals were categorized as i) those which were not detectible, ii) 
detectible metals which are essential nutrients or not considered toxic 
and iii) detectible metals which are potentially toxic. Metals in 
sediment which were below the detection limit of ICP-AES at all sites 
included silver, arsenic, beryllium, cadmium, cobalt, copper, 
molybdenum, lead, antimony, selenium and tin, most of which are toxic. 
Metals detected which are either essential nutrients or not considered 
toxic (Table 2) included boron, calcium, potassium, magnesium, sodium, 
phosphorus and silicon. Mean, minimum and maximum values were extracted 
from the actual observed values (Appendix A, Table 12). Potentially 
toxic metals (Table 3) included aluminum, barium, chromium, iron, 
manganese, nickel, vanadium and zinc. Their respective mean, minimum 
and maximum values were also extracted from the actual observed values 
(Appendix A, Table 12). 
The concentration of potentially toxic metals in sediments of the 
Embarras River and Brushy Fork are generally greater than concentrations 
found in other regions of the United States (Table 4) (Shacklette and 
Boerngen 1984). Aluminum levels are alarmingly high in the Embarras 
drainage. Levels range from 1.9-2.4 times those found in the Clark Fork 
River in Montana which is heavily contaminated with Cu mining and 
smelting wastes (Moore et al. 1989). Barium in Embarras River and 
Brushy Fork sediments was detected at 1.5-2.2 times concentrations found 
in the South Dry Sac and Little Sac Rivers in southwest Missouri which 
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Table 2. Minimum, mean and maximum concentrations (ppm) of metals In sediments which are not considered toxic. 
Values were calculated for sediment samples collected on 13 June, 8 August and 22 September 
1990 from the Embarras River and Brushy Fork. 
-----------UPEMB------- ------------DNEMB------------- ----------------UPBFK--------------- ----------------DNBFK----------------
MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX 
w B <16.7 <16.7 <16.7 <16.7 <16.7 <16.7 <16.7 <16.7 <16.7 21.7 58.2 103 VI 
Ca 8530 12377 16800 8360 11453 14400 6960 14453 18800 9830 12610 16000 
K 12300 15633 19600 10900 13633 15100 9480 11060 12200 14400 16100 18900 
Mg 5220 6577 8770 2800 4617 6590 2800 6200 8130 5120 6710 9040 
Na 7020 9800 12900 10000 11033 11700 5410 5587 5880 <4470 7990 9900 
p 290 302 318 <207 522.5 674 256 553.3 792 397 493.7 676 
SI 299000 360667 436000 429000 501333 568000 285000 327000 374000 269000 309667 349000 
< Indicates concentrations below detection of ICP-AES. 
Table 3. Minimum, mean and maximum concentrations (ppm) of metals in sediments which are considered potentially toxic. 
Values were calculated for sediment samples collected on 13 June, 8 August and 22 September 1990 from 
the Embarras River and Brushy Fork. 
-------------UPEMB----------- ---------------DNEM 8--------------- ----------------U PBFK---------------- ----------------DNBFK-----------
MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX 
w 
0\ Al 17200 19700 22100 14700 16067 18100 15300 18400 21300 16900 20567 24900 
Ba 290 362 400 240 293 320 353 375 390 352 434 590 
Cr 32.8 50.7 62.2 40.4 44.1 48.0 37.0 41.8 49.0 29.8 37.5 43.4 
Fe 8460 11820 15600 4530 10543 17000 8980 14893 18700 11600 15600 22000 
Mn 377 520 760 220 599 1090 446 1209 2170 456 688 1140 
Ni 57.5 69.1 84.6 40.6 48.1 52.6 67.2 75.9 84.6 53.4 55.7 58.0 
v < 23.3 36.4 46.8 44.0 55.9 64.8 < 23.3 < 23.3 < 23.3 < 23.3 29.2 34.0 
Zn 38.1 76.8 142.0 25.5 52.4 82.6 32.B 66.2 114.0 51.0 57.3 67.4 
< indicates concentrations below detection of ICP-AES. 
(.,,.) 
-J 
Table 4. Comparison of mean concentrations (ppm) of potentially toxic metals in sediments 
and soils from sites located In the United States. 
Al Ba Co Cr Fe Mn 
THIS STUDY 
UPEMB 19700 362 < 6.67 50.7 11820 520 
DNEMB 16067 293 < 6.67 44.1 10543 599 
UPBFK 18400 375 < 6.67 41.8 14893 1209 
DNBFK 20567 434 < 6.67 37.5 15600 688 
*ILLINOIS -- -- -- < 21.6 -- --
**MISSOURI -- 198.9 20.9 26.4 12.0 2.0 
***MONTANA 8670.0 -- -- -- 20800.0 982.0 
****TEXAS -- -- -- 19.5 -- --
*****U.S. SOIL 4.7 440.0 6.7 37.0 1.8 330.0 
*Kelly and Hite (1981). Study of 63 Illinois lakes. 
Ni v 
69.1 36.4 
48.1 55.9 
75.9 < 23.3 
55.7 29.2 
-- --
17.3 --
-- --
-- --
13.0 58.0 
•• Mantei and Foster (1991). Stream subject to landfill leachate and wastewater treatment plant effluent 
•••Moore et al (1989). Heavily contaminated with Cu mining and smelting wastes. 
••••Combest (1991). Receives wastewater effluent and agricultural runoff. 
••••• Shacklette and Boerngen (1984). Means derived from 1,318 soil samples collected from across the 
continental United States. 
Zn 
76.8 
52.4 
66.2 
57.3 
112.7 
54.8 
1200.0 
115.6 
48.0 
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are subject to leachate from landfills and wastewater treatment plant 
effluent (Mantei and Foster 1991). Co was not detectible at any of the 
sites during this study, while the mean level detected in United States 
soils was 6.7 ppm (Shacklette and Boerngen 1984). Chromium 
concentrations approximately equalled (DNBFK) or were detected at a 
maximum of 1.4 times (UPEMB) average soil levels in the United States 
(Shacklette and Boerngen 1984). Chromium levels were also much greater 
than those detected in the South Dry Sac and Little Sac Rivers in 
Missouri (Mantei and Foster 1991). Iron concentrations in the Embarras 
drainage are of great concern also. Levels detected range from 879-1300 
times those found in the South Dry Sac and Little Sac Rivers (Mantei and 
Foster 1991), to 5857-8667 times levels detected in soils throughout the 
United States (Shacklette and Boerngen 1984). However, Fe levels are 
only 0.51-0.75 times the concentrations observed in the Clark Fork River 
(Moore et al. 1989). Manganese was also extremely high, ranging from 
260-604 times the mean value found in the South Dry Sac and Little Sac 
Rivers (Mantei and Foster 1991). Again, the observed levels in the 
Clark Fork River (Moore et al 1989) were generally much greater, except 
for those at UPBFK. Embarras River and Brushy Fork Ni levels ranged 
from 2.8-4.4 times the levels detected in the South Dry Sac and Little 
Sac Rivers (Mantei and Foster 1991), to 3.7-5.8 times levels detected in 
United States soils (Shacklette and Boerngen 1984). Vanadium levels in 
Embarras River and Brushy Fork sediments were much less than those 
detected in soils of the United States (Shacklette and Boerngen 1984). 
Only sediment concentrations at DNEMB approached the U.S. soil levels 
for V (Table 4). Zinc levels are probably not excessively high when 
compared to the values detected at other locations (Table 4). The 
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levels at all sites in this study slightly exceeded levels for U.S. 
soils (Shacklette and Boerngen 1984) and Zn levels were approximately 
equal to those observed in the South Dry Sac and Little Sac Rivers 
(Mantei and Foster 1991), except UPEMB, which was 0.4 times greater. 
Zinc levels in the study of the 63 Illinois lakes (Kelly and Hite 1981) 
were 1.5-2.2 times greater than those observed in this study, while 
levels observed in the Clark Fork River (Moore et al 1989) were 
15.6-22.9 times greater. 
Periphyton monitoring 
Periphyton metals were separated into groups identical to those 
used for sediments. Metals which were not detectible were silver, 
arsenic, beryllium, cadmium, copper, molybdenum, lead, antimony, 
selenium and tin. Metals detected which are either essential nutrients 
or not considered toxic included boron, calcium, potassium, magnesium, 
sodium, phosphorus and silicon (Table 5). Mean, minimum and maximum 
values were extracted from the actual observed values (Appendix A, Table 
13). Boron was detected in periphyton at all 4 sites, however, it was 
detected in sediments at DNBFK only. 
Potentially toxic metals detected include aluminum, barium, 
cobalt, chromium, iron, manganese, nickel, vanadium and zinc. Cobalt, 
which was not detected in sediments, was detected in periphyton. Based 
on two-factor ANOVA (sample date, sample site), Ni concentrations did 
not vary significantly by date or site (Table 6) over the course of the 
study. Therefore, the mean concentration was calculated and is reported 
as 39.1 ppm. Two-factor ANOVA of Cr concentrations showed significant 
Table 5. Minimum, mean and maximum concentrations (ppm) of metals in periphyton which are not considered toxic. Values were 
calculated for periphyton collected bi-weekly from 13 June 1990 through 22 September 1990 from the Embarras 
River and Brushy Fork. 
------------------U PE MB------------------ -----------------0 NE MB----------------- ---------------UP BF K----------------- ------------------ON BF K------------------
~ 
0 
MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX 
B 33.8 65.5 136.0 20.0 54.0 92.5 11.9 67.0 140.0 20.3 53.2 180.0 
Ca 198 10402 16100 9600 24829 108000 17300 49886 122000 12000 58600 112000 
K 15000 20463 23300 14000 19300 22900 9830 16319 20100 9300 15471 20200 
Mg 6490 7996 10200 5540 6807 8460 5340 8364 9420 6220 7509 8600 
Na 5590 7955 10700 4140 6820 10200 1700 4473 7540 2960 4473 7960 
p 523 952 1370 600 987 1600 766 1136 2020 986 1239 1990 
Si 183000 252750 308000 158000 227857 257000 165000 225143 272000 115000 189857 273000 
Table 6. Significance levels (p) for two-factor (sample site 
and date) and single factor (sample date with 
sites as replicates) ANOVA of concentrations of 
potentially toxic metals in periphyton collected 
bi-weekly from 13 June 1990 through 
22 September 1990. 
2-FACTOR------ --1-FACTOR---
METAL SITE DATE DATE 
Ni 0.5846 0.33600 *** 
Cr 0.0016 0.02720 *** 
Al 0.1403 0.00040 0.00060 
Ba 0.6396 0.00650 0.00350 
Co 0.2057 0.00001 0.00001 
Fe 0.5758 0.00001 0.00001 
Mn 0.3372 0.00020 0.00010 
v 0.3676 0.00480 0.00390 
Zn 0.3187 0.00050 0.00040 
*** 1-factor ANOVA was not determined for these parameters. 
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differences (p < 0.05) between site and date (Table 6). In general, 
concentrations increased over the course of the study at UPEMB, DNEMB 
and UPBFK (Figure 8), while concentrations remained relatively steady at 
DNBFK. Concentrations at UPEMB and UPBFK were generally greater than 
each one's respective downstream site, and UPEMB and DNEMB 
concentrations were greater than those at UPBFK and DNBFK. 
The remaining "toxic" metal concentrations were subjected to 
two-factor ANOVA (sample site, sample date). Metals did not differ by 
site, but did differ by date, (p < 0.05), therefore, sites were 
considered to be replicates and mean metal concentrations were 
calculated for each sampling interval (Table 7). Data were then 
subjected to one-factor ANOVA (sample date) (Table 6) to test for 
significant difference using Scheffe's test to identify differences 
between individual means. Significant variation was detected for Al, 
Ba, Co, Fe, Mn, V and Zn concentrations. All 7 metals increased 
temporally with the most dramatic increases occurring in Co, Fe, Mn, V 
and Zn (Figures 9, 10 and 11, respectively). Al and Ba increases were 
more subtle (Figure 12). Further statistical analysis showed Co, Fe, 
Mn, V and Zn concentrations were negatively correlated with flow (p < 
0.05). As flow decreased, periphyton Co, Fe, Mn, V and Zn 
concentrations increased. Cobalt, which was not detectible in 
sediments, was detected in periphyton. 
Factors influencing metal concentrations in sediment 
and periphyton. 
Sediment metal concentrations are affected by the size and 
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Figure 8. Periphyton chromium concentrations (ppm) at UPEMB, DNEMB, 
UPBFK and DNBFK from 13 June 1990 through 22 September 1990. 
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Table 7. Mean concentrations (ppm) of potentially toxic metals in periphyton sampled bi-weekly from 13 June 1990 
through 22 September 1990. Mean values which differ significantly (p < 0.05) from a given value are shown in parentheses. 
DATE Al Ba Co Fe Mn v Zn 
6/13 35525 (D 7) 398.50 14.18 (D 6,7) 14750 (D 6,7) 505.25 (D 7) 51.28 (D 7) 65.58 (D 7) 
~ 7/11 31475 (D 3,7) 374.75 (07) 15.80 (0 6,7) 13525 (0 6, 7) 606.75 (0 7) 61.53 63.55 (0 7) 
UI 
7/25 46325 (0 2) 443.25 16.40 (0 6,7) 16375 (D 6, 7) 746.25 (0 7) 56.98 63.90 (0 7) 
8/08 41725 462.75 22.03 (0 6,7) 18150 (0 7) 977.50 (0 7) 61.88 74.88 
8/25 41050 478.25 25.08 (D 7) 18275 (D 7) 1328.50 61.50 72.05 
9/08 44000 465.00 35.70 (0 1,2,3,4) 24425 (D 1,2,3) 1540.00 88.33 96.40 
9/22 50300 (0 1,2) 517.25 (0 2) 38.93 (D 1,2,3,4,5) 27200 (D 1,2,3,4,5) 2625.00 (0 1,2,3,4) 99.35 (01) 108.85 (D 1,2,3) 
01 = 6/13, 02 = 7/11, 03 = 7/25, 04 = 8/08, 05 = 8/25, 06 = 9/08, 07 = 9/22. 
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Figure 9. A) Mean periphyton cobalt concentrations {ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected bi-weekly 
from 13 June 1990 through 22 September 1990. B) Mean 
periphyton iron concentrations (ppm) of replicate samples 
(UPEMB, DNEMB, UPBFK and DNBFK) collected bi-weekly from 
13 June 1990 through 22 September 1990. 
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Figure 10. A) Mean periphyton manganese concentrations (ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected 
bi-weekly from 13 June 1990 through 22 September 1990. 
B) Mean periphyton vanadium concentrations (ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected bi-weekly 
from 13 June 1990 through 22 September 1990. 
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Figure 11. Mean periphyton zinc concentrations (ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected 
bi-weekly from 13 June 1990 through 22 September 1990. 
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Figure 12. A) Mean periphyton aluminum concentrations (ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected 
bi-weekly from 13 June 1990 through 22 September 1990. 
B) Mean periphyton barium concentrations (ppm) of replicate 
samples (UPEMB, DNEMB, UPBFK and DNBFK) collected bi-weekly 
from 13 June 1990 through 22 September 1990. 
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composition of sediment particles (Combest 1991), and the type of other 
metal sequestering materials (e.g., organics) which are attached to the 
sediment particles (Mantei and Foster 1991). Early work by Bailey and 
Stokes (1985) found sediment metals to be correlated with organic 
content. Combest (1991) found a near linear relationship between the 
percentage of clay present in sediment and the quantity of Cu, Cr and Zn 
detected. He also found an inverse relationship between the quantity of 
metal present and the percent of sand. However, it is worth noting that 
metal concentration does not always increase in proportion to decreasing 
particle size (Gibbs 1977, Feltz 1980) and, on occasion, higher metal 
concentrations are found in association with larger particles. 
Mantei and Foster (1991) chemically separated sediment samples 
into the following metal binding phases: exchangeable cations, 
carbonate, Mn oxides/hydrous oxides, Fe oxides/hydrous oxides, organics 
and remnants. Mn had high affinity for all of the components except 
organics. Of the remaining 10 metals tested (Ag, Ba, Cd, Co, Cr, CU, 
Fe, Ni, Pb and Zn), most had highest affinity for Fe oxides/hydrous 
oxides. However, Mn and Fe oxides/bydrous oxides are not usually 
separated, and Mantei and Foster point out that the Fe fraction was not 
completely separated from the Mn fraction. Therefore, a small portion 
of the Fe oxide/hydrous oxide values must be attributed to Mn 
oxides/hydrous oxides. Cd and Cr were found to have highest affinity 
for the remnant fraction while Ba was highly associated with the 
carbonates. 
Periphyton metal concentrations are affected by the concentration 
of metal present in the water (Friant and Koerner 1981) and to some 
extent sediment (Bailey and Stokes 1985). In a study by CUshing and 
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Rose (1970), Zn uptake was found to be directly related to the 
concentration present in the water matrix, while Patrick and others 
(1975) found V, Cr, Se and Ni uptake to be proportional as well. Metal 
concentration factors of 1,000-10,000 times water concentrations have 
been observed (Bailey and Stokes 1985). 
Periphyton metal concentrations vary between genera and within a 
genus. Trollope and Evans (1976) found a 3 to 4 times difference in CU, 
Fe and Pb concentrations in 4 separate Tribonema (yellow-green) blooms 
and 5 to 20 times difference in CU, Fe, Ni, Pb and Zn concentrations in 
4 Spirogyra (green) blooms. Although these organisms are not diatoms, 
similar responses are expected to occur in diatoms. 
The pH of the water matrix can be an important factor in algal and 
water heavy metal concentrations. Bailey and Stokes (1985) noted that 
as pH decreases metal concentrations in algae and water increase, 
however, sediment metals concentrations are unrelated to pH. 
Is periphyton a better monitor of heavy metals than water or sediment? 
Concentrations of heavy metals in water may be low enough such 
that they are below the limit of detection of the particular analytical 
instrument used for analysis as exemplified in the data obtained from 
the intensive study of the Embarras River basin (Ettinger 1987) (Table 
8). Many of the toxic elements were either not detected (Co, Cr, Ni, V 
and Zn) or found in very low concentration only. Even if concentrations 
were high enough to permit detection, one time "grab" samples may not 
include pulses of pollution which can be considerably greater than 
background levels. 
Table 8. Minimum and maximum metal concentrations detected in water 
(Ettinger 1987), sediment and periphyton of the Embarras River 
and Brushy Fork from 13 June 1990 through 22September1990. 
MetaJs which are not considered toxic. 
-------Aqueous---- ---Sediment-------- -----Periphyton----
(ppm) (ppm) (ppm) 
Metal Min Max Min Max Min Max 
8 <0.05 0.1 <16.7 103.0 11.9 180.0 
Ca 52.0 64 6960.0 18800.0 9220.0 122000.0 
K 1.3 3.6 9480.0 12200.0 9300.0 23300.0 
Mg 31.0 34 2800.0 9040.0 5340.0 8460.0 
Na 6.8 32 <4470 12900.0 1700.0 7540.0 
p * * <207 792.0 523.0 2020.0 
Si * * 269000.0 568000.0 115000.0 308000.0 
Metals which are potentially toxic. 
---Aqueous--- ------Sediment----- ---Periphyton------
(ppm) (ppm) (ppm) 
Metal Min Max Min Max Min Max 
Al 0.46 2.91 14700.0 24900.0 28800.0 57800.0 
Ba 0.04 0.07 240.0 590.0 272.0 533.0 
Co <0.005 0.01 <6.67 <6.67 11.0 48.1 
Cr <0.005 0.01 29.8 62.2 31.4 66.6 
Fe 0.57 **3.47 4530.0 22000.0 10400.0 29400.0 
Mn 0.08 0.46 220.0 2170.0 391.0 4260.0 
Ni <0.005 0.02 40.6 84.6 24.8 72.8 
v <0.005 0.01 <23.3 64.8 29.5 108.0 
Zn <0.05 <0.05 25.5 142.0 45.0 125.0 
* Indicates elements which were not analyzed for. 
< Indicates concentrations which were below the limit of detection. 
**Exceeds state water quality standard. 
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Sediment monitoring in this study has shown that more metals can 
be detected, and at higher levels, when compared to water monitoring. 
Of the toxic metals not detected by water analysis, or those found in 
small quantity, only Co remained undetected. Sediment concentration 
factors ranged from 478 times the metal concentration in water, for Mn, 
to 8,586 for Al. Bailey and Stokes (1985) found sediment metal 
concentrations of 1,000-10,000 times concentrations found in water. 
However, due to mobility, long term reliability in sediment monitoring 
is nonexistent since sediment is regularly transported and deposited in 
response to flow changes. 
All of the toxic metals being considered in this study were 
detected in periphyton (Table 8), including Co. Only Ni was detected in 
greater minimum and maximum concentrations in sediment than in 
periphyton. Other metals, Ba and Zn, were detected at slightly higher 
maximum concentrations in sediment than in periphyton, however, values 
did not vary by orders of magnitude. Otherwise, heavy metals were 
detected in virtually equal to much greater concentrations in periphyton 
than they were in sediments and water. 
Therefore, it may be surmised that the use of periphyton to 
monitor heavy metals in streams is superior to sediment or water 
monitoring. Based on metals data from water analyses, Ettinger (1987) 
stated that the water of the Embarras drainage is of excellent quality 
with only a few minor problems. However, since periphyton metal 
concentrations provide an integrated picture of metals pollution over 
time, and demonstrates their bioavailability, data from this study 
indicates heavy metals in the Embarras River drainage system probably 
exist at chronic, low-levels. Wastewater effluent is a major source of 
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heavy metals (Nriagu and Pacyna 1988) as well as leachate from landfills 
(Mantei and Coonrod 1989, Rai et al 1981). Several municipal wastewater 
treatment plants discharge into the Embarras River (Ettinger 1987) 
upstream of the mouth of Brushy Fork. A sanitary landfill is also 
located near the Embarras River, upstream of UPEMB and DNEMB. 
COMMUNITY STRUCTURE 
Diversity indices show variation in community structure 
Percent volatile mass gives an indication of the percent of the 
dry material which is organic, including diatoms, and the percent which 
is sediment and other nonvolatile materials. Two-factor ANOVA (sample 
site and date) revealed neither factor to have a significant effect 
(p < 0.05) on volatile mass. Therefore, mean percent volatile mass was 
calculated and is reported as 8.83. 
Evenness (J) and diversity values (H'), were subjected to 
two-factor ANOVA (sample date, sample site). Data analysis revealed 
neither factor to have significant effect (p < 0.05) on evenness or 
diversity (Table 9). Mean values were calculated and are reported as 
0.60 and 0.79, respectively. 
Individual density and species richness were also subjected to 
two-factor ANOVA using the sample date and sample site parameters. 
Density and richness were significant (p < 0.05) for date only (Table 
9); thus sites were assumed to be replicates. Mean values were 
calculated (Table 10) for each sample date and one-factor (sample date) 
ANOVA was performed using Scheffe's test to determine significant 
Table 9. Significance levels (p) for two-factor (sample site and 
date) and single factor (sample date with sites as 
replicates) ANOVA of evenness, diversity, density and 
richness data of diatom communities sampled bi-weekly 
from 13 June 1990 through 22 September 1990. 
--2-FACTOR---- -1-FACTOR---
PARAMETER SITE DATE DATE 
EVENNESS 0.85370 0.1276 *** 
DIVERSITY 0.74980 0.0603 *** 
DENSITY 0.15920 0.0015 0.0021 
RICHNESS 0.34430 0.0021 0.0017 
*** 1-Factor ANOVA was not determined for these parameters. 
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Table 10. Mean diatom density (10E6) and species richness 
of diatom communities sampled from 13 June 1990 
through 22 September 1990. Mean values which 
were slgnlflcantly (p < 0.05) different from a given 
value are shown In parentheses. 
DATE DENSITY RICHNESS 
6/13 1.144 (D 6,7) 26.25 
7/11 0.557 14.50 (D 6,7) 
7/25 0.487 18.50 
8/08 0.638 25.75 
8/25 0.346 21.00 
9/08 0.153 (D 1) 30.75 (D 2) 
9/22 0.071 (D 1) 30.00 (D 2) 
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differences (Table 9). 
Density dramatically decreased during the study period, especially 
the density of the dominant species, while richness increased (Figure 
13). It is hypothesized that the fluctuations observed are most likely 
due to some agent (e.g., buildup of toxins, nutrients, water 
temperature) related to stream flow (Figure 5). Stream flushing rate 
and individual density declined in response to flow. As a result of the 
decline in the dominant species, rarer species, which were not observed 
early in the study, were able to proliferate. Research by Dickman 
(1968) on lake nutrient enrichment demonstrated that common species were 
not affected while rarer species dramatically increased in number. 
Community fluctuations observed during this study may very well have 
resulted from such a disturbance. 
Examination of community dominance 
Seasonal trends in abundance were investigated for species which 
i) occurred frequently in high percentage in the community or ii) 
initially occurred at low density then increased substantially or became 
dominant. 
Major community dominants at UPEMB and DNEMB varied temporally 
(Figures 14 and 15), with several dominance and co-dominance changes 
occurring. Achnanthes lanceolata lanceolata, Cocconeis placentula 
euglypta and Cocconeis placentula placentula were the most frequent 
community dominants at both sites. However, Navicula lanceolata 
lanceolata increased in proportion at both locations, dominating at the 
end of the study (Figures 14 and 15). Cyclotella meneghiniana increased 
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Figure 13. A) Mean diatom density (106 cells cm"2) observed at replicate 
sites (UPEMB, DNEMB, UPBFK and DNBFK) in the Brushy Fork/upper 
Embarras River drainage system from 30 May 1990 through 22 
September 1990. B) Mean diatom species richness observed at 
rep! icate sites (UPEMB, DNEMB, UPBFK and DNBFK) in the Brushy 
Fork/upper Embarras River drainage system from 30 May 1990 
through 22 September 1990. 
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Figure 14. A & B) Community proportion trends of the 8 most important 
diatom varieties observed at the upstream Embarras River 
(UPEMB) site. 
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Figure 15. A & B) Community proportion trends of the 8 most important 
diatom varieties observed at the downstream Embarras River 
(DNEMB) site. 
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in proportion to become co-dominant at UPEMB by the end of the study 
(Figure 14). Achnanthes lanceolata lanceolata peaked on 25 July at 
UPEMB, 2 weeks later than DNEMB. Gomphonema angustatum angustatum, an 
early dominant at UPEMB (Figure 14), peaked on 27 June, but did not peak 
until 8 August at DNEMB (Figure 15). Nitzschia amphibia amphibia, a 
minor dominant, also peaked on 8 August at DNEMB (Figure 15). 
The Brushy Fork communities (Figures 16 and 17) contained dominant 
species similar to those at UPEMB and DNEMB. A. lanceolata lanceolata, 
Cocconeis placentula euglypta and Cocconeis placentula placentula were 
the primary dominants at UPBFK and DNBFK during most of the study. 
However, Nitzschia amphibia amphibia and Navicula viridula viridula 
co-dominated at UPBFK at the end of the study (Figure 16). At DNBFK 
(Figure 17) Navicula seminulum seminulum dominated on 25 August, the 
only time and location this species dominated. Cyclotella meneghiniana 
composed nearly an equal part of the UPBFK community as it did in the 
UPEMB community, while it dominated at DNBFK by the end of the study, 
accounting for over 803 of the community (Figure 17). The Cocconeis 
varieties showed virtually identical dominance patterns at all sites, 
fluctuating in tandem. 
FACTORS WHICH AFFECT COMMUNITY STRUCTURE 
Species ecology, water chemistry and physical factors affect 
community patterns 
Krebs (1985) states that communities experience cyclic changes 
which are nonsuccessional and initiated by species interrelations within 
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Figure 16. A & B) Community proportion trends of the 8 most important 
diatom varieties observed at the upstream Brushy Fork 
(UPBFK) site. 
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Figure 17. A & B) Community proportion trends of the 8 most important 
diatom varieties observed at the downstream Brushy Fork 
(DNBFK) site. 
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the community. These events usually occur on a small scale and are part 
of the internal dynamics of the community. Krebs (1985) also points out 
that stable communities are in a constant state of flux, with some 
species becoming less abundant while others increase. The species of 
diatoms encountered in this investigation possess a variety of ecologies 
(Patrick 1966, Patrick 1975) which are potentially responsible for the 
community fluctuations observed. Chandler (1940) observed that pennate 
diatoms bloom in the spring, while centric species tend to bloom in the 
fall. A similar pattern was observed during this study as Cyclotella 
meneghiniana proliferated at UPEMB, UPBFK and DNBFK in September as many 
of the pennates declined. Patrick (1966) suggests that blooms are 
correlated with water temperature, dissolved nutrients and gases rather 
than time of year. Therefore, a bloom may occur at a different time in 
one reach of a stream than it does in another (Claus and Reimer 1961). 
This phenomenon was observed during this study with Achnanthes 
lanceolata lanceolata which bloomed at DNEMB, 2 weeks before blooming at 
UPEMB. In the case of Navicula viridula viridula, it increased in 
density at UPBFK to become co-dominant, while at DNBFK it never 
represented more than 3% of the community. In general, diatom 
distribution is affected most by water chemistry, flow and temperature 
(Patrick 1966). 
Most of the major species observed during this study pref er 
neutral to slightly alkaline waters. Achnanthes lanceolata lanceolata 
is a common species in a variety of ecological conditions and prefers 
well aerated water. However, A. lanceolata lanceolata density may 
become reduced during times of heavy organic enrichment (Patrick and 
Reimer 1966). Gomphonema angustatum angustatum is a variety which 
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inhabits oligotrophic to somewhat mesotrophic water bodies (Patrick and 
Reimer 1975). Therefore, both of these species appear to be potential 
indicators of sewage waste and other organics. Cocconeis placentula 
euglypta, Cocconeis placentula placentula and Navicula viridula viridula 
are widespread varieties as well. Both Cocconeis varieties are somewhat 
salt tolerant, however, they are found in reduced number in brackish 
water (Patrick and Reimer 1966), while Navicula viridula viridula can 
only tolerate salt in very minute quantities (Patrick and Reimer 1966). 
These varieties could possibly be used as monitors of areas subject to 
brine waste or effluents high in NaCl. Navicula lanceolata Janceolata 
is widely distributed in fresh to slightly brackish waters and prefers 
water with high mineral content. Gomphonema olivaceum olivaceum prefers 
cool flowing water which is relatively hard (Patrick and Reimer 1975). 
Although, it is found in waters with a variety of Ca contents, it does 
not seem to thrive in water which is low in Ca. Cyclotella meneghiniana 
is tolerant of conditions and pollutants such as reduced oxygen, ffiS and 
organic wastes which are inhibitory or toxic to other species (Patrick 
and Reimer 1966). 
Patrick (1966) reports that any environmental condition which 
reduces species number but does not change the nutrient content of the 
water results in some species being more common than others. Hydrogen 
sulfide usually occurs during times of stagnation which may have 
occurred late in the study at DNBFK. Species of diatoms which are 
tolerant of tt2s, that were observed during this study include, 
Cyclotella meneghiniana, and several Nitzschia and Surirella species 
(Kolbe 1932). Salt content, considered as NaCl, is important in 
determining species which inhabit an ecosystem (Patrick and Reimer 
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1966). Several species identified during this study can tolerant salt 
concentrations between 0.5-2%. These include Nitzschia hungarica and 
Navicula pygmaea. Cyclotella meneghiniana seems to be indifferent to 
salt content. Fe is believed to be as selective as salt (Upenski 1927). 
Diatoms such as Gomphonema olivaceum, Achnanthes minutissima and 
some Navicula species have a preference for Ca (Patrick and Reimer 
1966). Other species such as Diatoma vulgare, Navicula viridula and 
Surirella ovata prefer high levels of nitrate (Patrick and Reimer 1966). 
Species which are sensitive to high nitrate and phosphate levels, but 
which often occur in eutrophic lakes, proliferate only after other 
species have bloomed and consumed most of these nutrients. 
Physical factors may have played an important role, as well, in 
the fluctuations observed in this study. Temperature has a direct 
effect on the occurrence of species (Patrick 1966). Some species, such 
as Gomphonema olivaceum olivaceum prefer cool water, while others, such 
as Cyclotella meneghiniana prefer warm water (Budde 1928, Kolbe 1932, 
Rice 1938, Schroeder 1939). Planktonic species, such as Cyclotella 
meneghiniana (Schroeder 1939), proliferate in high light intensity and 
transparency conditions while Synedra acus (Koorders 1901) thrives in 
low light. Diatoms vary by season, and growth probably reflects 
temperature change effects (Patrick 1966). 
Can periphyton community structure be effectively used to monitor 
environmental perturbations such as heavy metal pollution? 
If an algal species can survive in water which is slightly 
enriched with heavy metals, it is metal-tolerant (Stokes 1983). 
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However, within this group are populations of algal species which are 
sensitive to metals pollution. These species are easily eliminated from 
the community in response to minor pollution occurrences. If all 
populations of an algal species are unaffected by metals pollution, the 
species is said to be metal-resistant (Stokes 1983). Research by Hynes 
(1960) in a river contaminated by a Cu factory showed striking 
differences in algal flora from locations upstream and downstream of the 
outfall. Upstream, a variety of algal species including several diatoms 
were observed (e.g., Nitzschia palea, Gomphonema parvulum and Cocconeis 
sp.) in high density (1000 individuals mm·2). Downstream of the 
outfall, the number of individuals dropped to 150-200 mm·l and 
Achnanthes affinis and Chlorococcum sp. dominated (Rai et al. 1981). 
Benoit and others (1968} determined that streams contaminated with Fe, 
Cu and Zn cause severe damage to diatom communities. According to Besch 
and others (1972), high concentrations of Zn decrease algal diversity. 
Studies by Say and Whitton (1978), which measured Zn concentrations and 
algal forms present in a stream receiving waste from an ore field, 
showed Neidium alpinium and Plectonema gracillimum to tolerate high Zn 
concentrations (30 ppm) while Cymbella ventricosa and Nitzschia amphibia 
were found in water with the lowest Zn concentration (1.5 ppm). Wixson 
and Bolter (1972) showed 3 diatom genera, Synedra, Navicula and 
Cymbella, could be used as indicators of mine discharge. Synedra and 
Navicula were tolerant of mine waste while Cymbella was not. Research 
by Takamura and others (1989) showed that many species of diatoms 
obtained from waters with high levels of Cu required much greater 
concentrations of Cu, Cd and Zn in culture to induce 503 inhibition of 
photosynthesis than identical species obtained from water with low Cu 
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content. This data suggests diatoms are capable of building up 
tolerance to heavy metals. 
Studies by Patrick (1961, 1963, 1964) and Patrick and Strawbridge 
(1963) determined that diatom species number and relative population 
size do not vary greatly in relatively stable environments. Therefore, 
if diatom communities were monitored in the same locations for several 
successive seasons, along with the associated environmental factors and 
toxic materials in the water, it could be possible to discern a pattern 
for those locations which could be used to predict the occurrence of 
acute or toxic pollution. 
Information on community structure obtained during this study, 
provides a foundation for further research into the tolerance of the 
important species to the most abundant toxic metals found in the 
Embarras River and Brushy Fork. However, in order to relate diatom 
community changes to metals pollution, it would be necessary to perform 
laboratory determinations of differential sensitivities of important 
species in each community. At present, little information of this type 
is available for diatoms. Therefore, the next logical step would be to 
use artificial streams in the laboratory to determine differential 
tolerance of the 8 most abundant species to the most abundant toxic 
metals (Al, Ba, Co, Fe, Mn, V and Zn) observed. 
c:x:>NCLUSIONS 
Which method of heavy metal 1110nitoring is 1110re efficient? 
The best method of heavy metals monitoring, based on the 3 methods 
considered in this study, was periphyton monitoring. Not only were more 
metals detected in periphyton than in either of the other 2 methods, but 
concentrations were generally much higher allowing for more sensitive 
testing (Whitton 1984). Although more metals were detected in sediments 
than in water, Friant and Koerner (1981) point out that physical and 
chemical processes are required to sequester metals into sediments, 
therefore, periphyton provides a more realistic representation of 
ambient water levels. Periphyton monitoring also demonstrates which 
metals are available for uptake by aquatic and riparian plants which 
form the basis of the food chain ultimately leading to man. 
Although continuous data on heavy metal concentrations in the 
water were not available for this study, water concentrations were not 
suspected to have caused the elevated levels observed in periphyton. 
Instead, the higher levels observed late in the study were believed to 
be normal levels. Low concentrations early in the study were suspected 
to have resulted from dilution brought about by rainfall. 
Causes of community structure changes 
Community structure fluctuations were most likely related to site 
specific environmental factors (Patrick 1966). For example, Achnanthes 
lanceolata lanceolata peak dominance occurred on 3 different dates at 
UPEMB, DNEMB and UPBFK. Variation in flow rate at each site may have 
induced the observed differences. However, even though all 3 of these 
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sites were in open areas of shaded stream reaches, the amount of total 
daily solar radiation probably varied between each site. Therefore, 
sunlight may be responsible for the observed changes as well. Factors 
endemic to each species are also suspected to have played a key role in 
the variations seen. For instance, the proliferation of Cyclotella 
meneghiniana late in the study at DNBFK, a large pool area, may be due, 
for example, to increased temperature as a result of low flow or the 
production of H2s brought about by stagnation. Species which were 
sensitive to these conditions responded by decreasing in number. The 
reduction in Achnanthes Janceolata Janceolata, an oxygen dependent 
species, at all sites, might have resulted from decline in dissolved 
oxygen. 
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.APPENDICES 
.APPENDIX A 
Table 11. Limits of detection (ppm) for inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES) 
for sediment and periphyton analyses. 
METAL SEDIMENT PERIPHYTON 
(ppm) (ppm) 
Ag 33.0 10.0 
Al 150 45.0 
As 100 30.0 
8 16.7 5.00 
Ba 3.33 1.00 
Be 3.33 1.00 
Ca 13.3 4.00 
Cd 6.67 2.00 
Co 6.67 2.00 
Cr 23.3 7.00 
Cu 13.3 4.00 
Fe 83.3 25.0 
K 2100 629 
Mg 10.0 3.00 
Mn 30.0 9.00 
Mo 20.0 6.00 
Na 4470 1340 
NI 26.7 8.00 
p 207 62.0 
Pb 50.0 15.0 
Sb 43.3 13.0 
Se 103 31.0 
Si 36.7 11.0 
Sn 110 33.0 
v 23.3 7.00 
Zn 23.3 7.00 
90 
Table 12. Metal concentrations (ppm) observed In sediment collected from Brushy Fork and the Embarras River. 
SITE DATE Ag Al As B Ba Be Ca Cd Co Cr Cu Fe K 
UPEMB 6/13 DL 19800 DL DL 395 DL 16800 DL DL 62.2 DL 11400 15000 
8/08 DL 22100 DL DL 400 DL 8530 DL DL 57.2 DL 15600 19600 
9/22 DL 17200 DL DL 290 DL 11800 DL DL 32.8 DL 8460 12300 
\0 DNEMB 6/13 DL 14700 DL DL 318 Dl 14400 DL Dl 44.0 Dl 17000 15100 
.... 8/08 DL 15400 DL DL 240 DL 8360 DL DL 48.0 Dl 4530 10900 
9/22 DL 18100 DL DL 320 Dl 11600 DL DL 40.4 Dl 10100 14900 
UPBFK 6/13 DL 21300 DL DL 390 DL 6960 DL DL 39.4 Dl 8980 12200 
8/08 DL 15300 DL Dl 353 DL 17600 DL Dl 49.0 DL 18700 9480 
9/22 DL 18600 DL DL 383 Dl 18800 DL Dl 37.0 Dl 17000 11500 
DNBFK 6/13 DL 24900 DL 103.0 590 DL 16000 DL DL 43.4 Dl 22000 18900 
8/08 DL 19900 Dl 21.7 360 DL 9830 DL DL 39.2 DL 11600 15000 
9/22 DL 16900 DL 50.0 352 DL 12000 DL DL 29.8 DL 13200 14400 
DL = Detection Limit 
'° N 
Table 12. continued 
SITE DATE Mg Mn Mo Na NI 
UPEMB 
DNEMB 
UPBFK 
6/13 8770 
8/08 5220 
9/22 5740 
6/13 6590 
8/08 2800 
9/22 4460 
6/13 2800 
760 DL 7020 57.5 
424 DL 12900 84.6 
377 DL 9480 65.3 
1090 DL 11700 52.6 
220 DL 10000 51.0 
488 DL 11400 40.6 
446 DL 5470 67.2 
8/08 8130 2170 DL 5880 84.6 
9/22 7670 1010 DL 5410 75.8 
DNBFK 6/13 9040 1140 DL 9900 58.0 
8/08 5120 456 DL 6080 55.6 
9/22 5970 467 DL DL 53.4 
--DL = Detection Limit 
p 
290 
318 
298 
674 
DL 
371 
256 
792 
612 
676 
408 
397 
Pb Sb 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
Se 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
Si 
347000 
299000 
436000 
429000 
568000 
507000 
374000 
285000 
322000 
269000 
311000 
349000 
Sn 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
v Zn 
26.0 50.2 
46.8 142.0 
DL 38.1 
59.0 82.6 
44.0 25.5 
64.8 49.2 
DL 32.8 
DL 114.0 
DL 51.8 
34.0 53.4 
24.4 51.0 
DL 67.4 
Table 13. Metal concentrations (ppm) observed in periphyton collected from the Embarras River.· 
SITE DATE Ag Al As B Ba Be Ca Cd Co Cr Cu Fe K 
UPEMB 6/13 DL 40000 DL 65.0 472 DL 16100 DL 14.3 51.6 DL 14200 20600 
6/27 DL 37200 DL 63.5 427 DL 198 DL 14.8 56.6 DL 15600 18900 
7/11 DL 34900 DL 136.0 419 DL 10300 DL 19.0 53.8 DL 16600 15000 
7/25 DL 57800 DL 33.8 418 DL 10700 DL 16.2 50.0 DL 14400 19400 
8/08 DL 46200 DL 57.5 493 DL 15600 DL 24.8 41.6 DL 18200 20800 
*8/25 DL 38400 DL 53.3 476 DL 9220 DL 20.6 51.2 DL 15600 22900 
9/08 DL 41000 DL 60.0 430 DL 10300 DL 36.2 66.6 DL 29300 23300 
IO 9/22 DL 56800 DL 54.5 530 DL 10600 DL 31.4 62.0 DL 29400 22600 
w 
SITE DATE Ag Al As B Ba Be Ca Cd Co Cr Cu Fe K 
DNEMB 6/13 DL 33500 DL 38.0 402 DL 11400 DL 11.4 58.6 DL 12800 19400 
7/11 DL 29300 DL 20.0 272 DL 108000 DL 11.0 38.2 DL 11000 14000 
7/25 DL 38500 DL 76.6 422 DL 11600 DL 15.2 42.6 DL 14100 18800 
8/08 DL 39000 DL 45.0 476 DL 11800 DL 13.6 48.3 DL 18000 21000 
*8/25 DL 38400 DL 92.5 460 DL 9600 DL 22.6 54.8 DL 16700 17500 
9/08 DL 49600 DL 53.5 502 DL 11200 DL 35.2 48.6 DL 25400 21500 
9/22 DL 48800 DL 52.5 529 DL 10200 DL 41.0 55.7 DL 25800 22900 
* Substrates were recovered after 17 days rather than the standard 2 week interval due to logistical problems. 
Table 13. Continued 
SITE DATE Mg Mn Mo Na NI p Pb Sb Se SI Sn v Zn 
UPEMB 6/13 7940 406 DL 9230 27.5 523 DL DL DL 231000 DL 54.6 51.2 
6/27 7420 504 DL 8880 33.9 1080 DL DL DL 257000 DL 63.2 59.2 
7/11 7350 826 DL 5590 72.8 1360 DL DL DL 183000 DL 95.0 77.0 
7/25 6490 546 DL 9140 32.2 1370 DL DL DL 308000 DL 38.8 45.0 
8/08 7940 808 DL 8340 33.8 626 DL DL DL 226000 DL 40.2 70.2 
*8/25 6700 984 DL 10700 45.6 878 DL DL DL 251000 DL 68.0 59.0 
9/08 9930 1670 DL 6060 47.2 838 DL DL DL 295000 DL 108.0 108.0 
l.O 9/22 10200 1790 DL 5700 45.8 942 DL DL DL 271000 DL 104.0 114.0 
~ 
SITE DATE Mg Mn Mo Na NI p Pb Sb Se Si Sn v Zn 
DNEMB 6/13 6320 391 DL 10200 27.9 859 DL DL DL 249000 DL 54.5 49.7 
7/11 6830 405 DL 6420 24.8 722 DL DL DL 158000 DL 29.5 48.2 
7/25 5540 799 DL 7050 37.2 1600 DL DL DL 229000 DL 60.1 61.2 
8/08 6220 889 DL 9760 38.8 600 DL DL DL 257000 DL 63.6 73.0 
*8/25 5880 1840 DL 4140 48.2 1320 DL DL DL 217000 DL 34.8 68.6 
9/08 8460 1380 DL 4970 41.2 940 DL DL DL 249000 DL 83.4 98.0 
9/22 8400 1760 DL 5200 42.0 867 DL DL DL 236000 DL 94.0 101.0 
* Substrates were recovered after 17 days rather than the standard 2 week interval due to logistical problems. 
Table 14. Metal concentrations (ppm) observed In perlphyton collected from Brushy Fork. 
SITE DATE Ag Al As B Ba Be Ca Cd Co Cr Cu Fe K 
UPBFK 6/13 DL 35000 DL 105.0 386 DL 93200 DL 14.8 43.1 DL 15200 10100 
7/11 DL 28800 DL 28.3 463 DL 122000 DL 15.1 31.4 DL 10400 9830 
7/25 DL 44600 DL 140.0 460 DL 17300 DL 15.2 46.9 DL 19100 19500 
8/08 DL 43300 DL 69.0 458 DL 43800 DL 28.1 33.4 DL 19000 16300 
*8/25 DL 41200 DL 11.9 476 DL 20600 DL 24.4 41.4 DL 17200 18900 
9/08 DL 49600 DL 57.5 479 DL 32800 DL 38.1 54.2 DL 24400 19500 
9/22 DL 44800 DL 57.0 477 DL 19500 DL 48.1 52.8 DL 27800 20100 
\0 
Ul 
SITE DATE Ag Al As B Ba Be Ca Cd Co Cr Cu Fe K 
DNBFK 
6/13 DL 33600 DL 31.0 334 DL 112000 DL 16.2 41.3 DL 16800 9300 
7/11 DL 32900 DL 30.5 345 DL 80000 DL 18.1 38.8 DL 16100 13100 
7/25 DL 44400 DL 20.3 473 DL 12000 DL 19.0 44.6 DL 17900 17500 
8/08 DL 38400 DL 35.0 424 DL 97000 DL 21.4 33.6 DL 17400 12600 
*8/25 DL 44900 DL 39.4 501 DL 16600 DL 32.7 42.4 DL 23400 20200 
9/08 DL 35800 DL 36.0 449 DL 57400 DL 33.3 36.4 DL 18600 16200 
9/22 DL 50800 DL 180.0 533 DL 35200 DL 35.2 42.9 DL 25800 19400 
* Substrates were recovered after 17 days rather than the standard 2 week interval due to logistical problems. 
Table 14. Continued 
SITE DATE Mg Mn Mo Na Ni p Pb Sb Se SI Sn v Zn 
UPBFK 6/13 8260 628 DL 5050 34.7 910 DL DL DL 165000 DL 42.5 73.8 
7/11 5340 554 DL 1700 55.4 1320 DL DL DL 216000 DL 53.4 64.8 
7/25 8720 956 DL 7540 29.0 844 DL DL DL 256000 DL 66.0 73.4 
8/08 9230 1380 DL 4250 33.8 1180 DL DL DL 181000 DL 61.5 80.3 
*8/25 8520 1220 DL 5910 29.9 766 DL DL DL 231000 DL 56.6 63.0 
9/08 9420 1100 DL 3160 38.4 909 DL DL DL 255000 DL 87.4 97.5 
9/22 9060 2690 DL 3700 40.6 2020 DL DL DL 272000 DL 104.0 125.0 
\0 
0\ 
SITE DATE Mg Mn Mo Na NI p Pb Sb Se Si Sn v Zn 
DNBFK 
6/13 7640 596 DL 2960 33.7 1030 DL DL DL 115000 DL 53.5 87.6 
7/11 6880 642 DL 4100 31.6 1330 DL DL DL 137000 DL 68.2 64.2 
7/25 6220 684 DL 7960 41.2 1040 DL DL DL 181000 DL 63.0 76.0 
8/08 7940 833 DL 3230 37.0 986 DL DL DL 192000 DL 82.2 76.0 
*8/25 7570 1270 DL 5680 39.8 1000 DL DL DL 273000 DL 86.6 97.6 
9/08 7710 2010 DL 3780 35.0 1300 DL DL DL 199000 DL 74.5 82.1 
9/22 8600 4260 DL 3600 49.4 1990 DL DL DL 232000 DL 95.4 95.4 
* Substrates were recovered after 17 days rather than the standard 2 week interval due to logistical problems. 
.APPENDIX B 
Table 15. Values of physical/chemical parameters in the Embarras River obtained bl-weekly 
from 30 May 1990 through 22 September 1990. 
----TEMP (C)--- ----D.0. (ppm)--- COND ----------FLOW RA TE (m s-1 )------- DEPTH 
SITE DATE SURF 0.30 m SURF 0.30 m pH um hos/cm SURF BOT +0.5m BOT +0.1 m (m) 
UPEMB 5/30 15.5 13.5 9.2 9.2 8.0 660 ** ** ** ** 
6/13 22.5 22.0 8.4 8.0 ** 780 0.44 0.44 0.33 0.95 
6/27 22.0 21.8 8.2 8.1 7.9 730 0.42 0.44 0.29 1.55 
7/11 25.1 25.0 6.7 6.5 7.6 790 0.36 0.29 0.16 0.80 
7/25 22.1 22.0 7.8 7.6 7.4 720 0.39 0.40 0.25 1.35 
8/08 20.5 20.2 8.1 7.9 7.4 680 0.68 ** 0.26 0.25 
8/25 22.5 22.5 6.6 6.4 7.3 660 DL DL DL 0.30 
\0 9/08 23.0 23.0 5.1 5.1 7.0 640 DL DL DL 0.25 
00 9/22 16.0 16.0 7.0 6.9 7.8 630 0.16 ** 0.16 0.30 
----TEMP (C)--- ----D.O. (ppm)--- COND ---------FLOW RATE (m s-1)------- DEPTH 
SITE DATE SURF 0.30 m SURF 0.30 m pH um hos/cm SURF BOT +0.5m BOT +0.1m (m) 
DNEMB 5/30 16.0 15.8 9.0 8.5 8.0 720 ** ** ** ** 
6/13 21.3 21.0 8.2 7.9 ** 730 0.49 0.49 0.36 1.05 
6/27 21.8 21.3 8.2 8.0 7.9 720 0.53 0.44 0.36 1.90 
7/11 25.3 25.4 6.6 6.5 7.7 720 0.29 0.33 0.26 1.10 
7/25 22.0 21.9 7.5 7.4 7.5 680 0.44 0.38 0.31 1.75 
8/08 19.3 19.2 8.4 8.2 7.6 660 0.16 ** 0.06 0.60 
8/25 22.0 22.0 7.3 6.9 7.5 620 0.14 ** 0.1 0.70 
9/08 23.3 23.3 4.8 4.7 7.4 670 DL DL DL 0.55 
9/22 15.2 15.2 6.9 6.8 7.9 640 DL DL DL 0.50 
DL = Detection Limit BOT= Bottom **Data not available 
Table 16. Values of physical/chemical parameters in Brushy Fork obtained bi-weekly 
from 30 May 1990 through 22 September 1990. 
----TEMP (C)--- ----D.O. (ppm)--- COND ----------FLOW RATE (m s-1)-------- DEPTH 
SITE DATE SURF 0.30 m SURF 0.30 m pH um hos/cm SURF BOT+0.5m BOT+0.1m (m) 
UPBFK 5/30 16.5 16.3 8.5 8.2 7.6 650 ** ** ** ** 
6/13 23.0 23.0 7.7 6.9 ** 810 0.25 ** 0.16 0.45 
6/27 22.9 22.8 8.3 8.0 7.6 720 0.36 ** 0.21 0.85 
7/11 24.0 24.0 6.1 6.0 7.2 790 0.36 ** 0.30 0.50 
7/25 24.0 23.5 7.2 7.1 7.0 780 0.37 ** 0.31 0.60 
8/08 26.2 26.1 12.1 11.4 7.4 630 0.36 ** 0.36 0.20 
8/25 27.5 27.4 6.5 6.2 7.0 760 0.16 ** 0.09 0.55 
\0 9/08 24.5 24.5 12.9 12.4 7.8 810 DL DL DL 0.30 
\0 
9/22 18.1 18.0 5.4 5.2 7.7 790 DL DL DL 0.40 
----TEMP (C)--- ----D.O. (ppm)--- COND ----------FLOW RA TE (m s-1 )-------- DEPTH 
SITE DATE SURF 0.30 m SURF 0.30 m pH um hos/cm SURF BOT +0.5m BOT +0.1 m (m) 
DNBFK 5/30 16.5 16.0 8.4 8.3 7.8 700 ** ** ** ** 
6/13 23.3 23.0 8.0 7.6 ** 740 DL DL DL 1.60 
6/27 21.8 21.6 8.3 7.9 7.6 720 0.16 0.14 0.14 1.95 
7/11 24.5 24.5 5.9 5.6 7.3 760 DL DL DL 1.45 
7/25 23.0 22.3 7.2 7.1 7.2 740 DL DL DL 1.78 
8/08 22.5 22.0 8.4 7.9 7.3 680 DL DL DL 1.15 
8/25 24.1 24.0 6.9 6.5 7.2 720 DL DL DL 1.10 
9/08 23.1 23.1 5.6 4.3 7.5 640 DL DL DL 1.25 
9/22 16.5 16.0 4.8 4.2 7.7 680 DL DL DL 1.20 
DL = Detection Limit BOT= Bottom **Data not available 
.APPENDIX C 
Table 17. Relative number and community proportion of species observed on 13 June 1990 at all sample sites. 
--------UPEMB--------- ------- DNEMB--------- --------UPBFK--------- --------DNBFK-------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 1 0.2 
Achnanthes lanceolata lanceolata 150 28.7 215 34.6 222 41.5 283 46.1 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalls ovalis 0 0.0 0 0.0 0 0.0 0 0.0 
-
Amphora perpusllla perpusilla 2 0.4 0 0.0 2 0.4 17 2.8 
0 Amphorasp. 0 0.0 0 0.0 0 0.0 0 0.0 
- Amphora submontana submontana 1 0.2 1 0.2 0 0.0 1 0.2 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtii lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis ventricosa minuta 0 0.0 0 0.0 0 0.0 1 0.2 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 4 0.8 16 2.6 52 9.7 45 7.3 
Cocconeis placentula lineata 0 0.0 1 0.2 6 1.1 4 0.7 
Cocconels placentula placentula 3 0.6 11 1.8 30 5.6 51 8.3 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 0 0.0 0 0.0 2 0.4 2 0.3 
Cymatopleura solea 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella affinis affinis 7 1.3 5 0.8 3 0.6 0 0.0 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 17. Continued 
--------UPEMB--------- ------- DNEMB--------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 0 0.0 6 1.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 0 0.0 0 0.0 
Fragilaria capucina 0 0.0 0 0.0 8 1.5 0 0.0 
-
Fragilaria vaucheriae vaucheriae 14 2.7 0 0.0 0 0.0 0 0.0 
0 Gomphonema acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 N 
Gomphonema affine affine 2 0.4 0 0.0 1 0.2 0 0.0 
Gomphonema angustatum angustatum 48 9.2 83 13.3 19 3.6 5 0.8 
Gomphonema olivaceum olivaceum 54 10.3 78 12.5 12 2.2 2 0.3 
Gomphonema sp. 2 0.4 21 3.4 9 1.7 2 0.3 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acuminatum acuminatum 1 0.2 0 0.0 0 0.0 0 0.0 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 0 0.0 0 0.0 
Melosira 11 2.1 7 1.1 0 0.0 0 0.0 
Meridion circulare circulare 0 0.0 3 0.5 0 0.0 0 0.0 
Navicula capitata capitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 0 0.0 1 0.2 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula exigua 14 2.7 5 0.8 9 1.7 15 2.4 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 17. Continued 
-------UPEMB-------- ------- DNEMB--------- -------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 5 1.0 0 0.0 0 0.0 7 1.1 
Navicula gyslngensis gyslngensls 0 0.0 0 0.0 0 0.0 0 0.0 
Navlcula lanceolata lanceolata 33 6.3 12 1.9 15 2.8 14 2.3 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 0 0.0 0 0.0 0 0.0 
-
Navicula pupula mutata 2 0.4 0 0.0 0 0.0 0 0.0 
0 Navicula pupula pupula 0 0.0 0 0.0 0 0.0 0 0.0 w 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula seminulum seminulum 3 0.6 1 0.2 34 6.4 75 12.2 
Navicula sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Navicula sp. * 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula subarvensis subarvensis 55 10.5 91 14.6 79 14.8 69 11.2 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula tenera tenera 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula viridula viridula 2 0.4 0 0.0 0 0.0 0 0.0 
Nedium dubium constrictum 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia acicularis acicularis 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia amphibia amphibla 13 2.5 10 1.6 5 0.9 7 1.1 
Nitzschla angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia hungarica hungarica 0 0.0 0 0.0 1 0.2 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 17. Continued 
--------UPEMB--------- ------ DNEMB-------- --------UPBFK--------- -------DNBFK-------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedla 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 34 6.5 2 0.3 3 0.6 6 1.0 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschla umblicata or angustata 0 0.0 0 0.0 2 0.4 0 0.0 
Nitzschia umblicata umblicata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia valdestriata valdestriata 3 0.6 0 0.0 0 0.0 1 0.2 
-
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 0.0 0 0.0 
0 Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 ~ 
Rholcosphenia curvata 0 0.0 2 0.3 1 0.2 0 0.0 
Surirella angustata angustata 0 0.0 1 0.2 2 0.4 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 1 0.2 
Surirella linearis constricta 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata ovata 44 8.4 9 1.4 14 2.6 3 0.5 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Synedra acus acus 0 0.0 3 0.5 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 2 0.4 14 2.3 1 0.2 1 0.2 
Synedrasp. 0 0.0 14 2.3 0 0.0 0 0.0 
Synedra ulna 10 1.9 4 0.6 0 0.0 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 17. Continued 
--------U PEM 8---------- ------- ON EM 8-------- --------UP8FK--------- --------DN 8FK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
unknown 2 0.4 7 1.1 1 0.2 0 0.0 
SPECIES RICHNESS 28 26 27 24 
RELATIVE TOTAL 522 622 535 614 
INDIVIDUALS (cm-2) 1513800 1306200 588500 1166600 
DIVERSITY INDEX (H') 1.07 0.96 0.92 0.83 
...... 
MAXIMUM DIVERSITY (H'max) 1.45 1.41 1.43 1.38 
0 EVENNESS (J) 0.74 0.68 0.65 0.60 Ul 
TOTAL AREA COUNTED (mm2) 8.92055 5.3136 2.6565 2.36454 
# CNTD =The Number of Individuals Counted Comm % = Community Percentage 
Table 18. Relative number and community proportion of species observed on 27 June 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- -------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % #CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 ND ND ND ND ND ND 
Achnanthes hauckiana hauckiana 0 0.0 ND ND ND ND ND ND 
Achnanthes lanceolata lanceolata 264 35.7 ND ND ND ND ND ND 
Achnanthes sp. 1 0.1 ND ND ND ND ND ND 
Amphora ovalis affinis 0 0.0 ND ND ND ND ND ND 
Amphora ovalis ovalis 0 0.0 ND ND ND ND ND ND 
.... Amphora perpusilla perpusilla 0 0.0 ND ND ND ND ND ND 
0 Amphorasp. 0 0.0 ND ND ND ND ND ND O'I 
Amphora submontana submontana 1 0.1 ND ND ND ND ND ND 
Amphora veneta 0 0.0 ND ND ND ND ND ND 
Caloneis lagerstedtil lagerstedtii 0 0.0 ND ND ND ND ND ND 
Caloneis lewisii inflata 0 0.0 ND ND ND ND ND ND 
Caloneis ventricosa mlnuta 0 0.0 ND ND ND ND ND ND 
Cocconeis pediculus 0 0.0 ND ND ND ND ND ND 
Cocconeis placentula euglypta 15 2.0 ND ND ND ND ND ND 
Cocconeis placentula lineata 6 0.8 ND ND ND ND ND ND 
Cocconeis placentula placentula 8 1.1 ND ND ND ND ND ND 
Cocconels sp. 0 0.0 ND ND ND ND ND ND 
Cyclotella meneghlniana 0 0.0 ND ND ND ND ND ND 
Cymatopleura solea 0 0.0 ND ND ND ND ND ND 
Cymbella affinis affinis 0 0.0 ND ND ND ND ND ND 
Cymbella ovalis affinis 0 0.0 ND ND ND ND ND ND 
#CNTD = The Number of Individuals Counted Comm % = Community Percentage ND= No Data 
Table 18. Continued 
--------U PEM B-------- --------DN EM B-------- --------U PBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % #CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 ND ND ND ND ND ND 
Cymbella sp. 0 0.0 ND ND ND ND ND ND 
Cymbella tumida 0 0.0 ND ND ND ND ND ND 
Diatoma vulgare vulgare 0 0.0 ND ND ND ND ND ND 
Diploneis oblongella oblongella 0 0.0 ND ND ND ND ND ND 
Fragilaria capucina 0 0.0 ND ND ND ND ND ND 
...... 
Fragilaria vaucheriae vaucheriae 0 0.0 ND ND ND ND ND ND 
0 Gomphonema acuminatum acuminatum 0 0.0 ND ND ND ND ND ND 
-.l 
Gomphonema affine affine 1 0.1 ND ND ND ND ND ND 
Gomphonema angustatum angustatum 389 52.6 ND ND ND ND ND ND 
Gomphonema olivaceum olivaceum 11 1.5 ND ND ND ND ND ND 
Gomphonema sp. 0 0.0 ND ND ND ND ND ND 
Gomphonema truncatum 0 0.0 ND ND ND ND ND ND 
Gyrosigma acuminatum acuminatum 0 0.0 ND ND ND ND ND ND 
Hantzschia amphioxys amphioxys 0 0.0 ND ND ND ND ND ND 
Melosira 0 0.0 ND ND ND ND ND ND 
Meridion circulare circulare 0 0.0 ND ND ND ND ND ND 
Navicula capitata capitata 0 0.0 ND ND ND ND ND ND 
Navicula circumtexta circumtexta 0 0.0 ND ND ND ND ND ND 
Navicula cuspidata cuspidata 0 0.0 ND ND ND ND ND ND 
Navicula decussis decussis 0 0.0 ND ND ND ND ND ND 
Navicula exigua 0 0.0 ND ND ND ND ND ND 
#CNTD = The Number of Individuals Counted Comm % = Community Percentage ND= No Data 
Table 18. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % #CNTD COMM % 
Navicula fluens fluens 2 0.3 ND ND ND ND ND ND 
Navicula gysingensis gysingensis 0 0.0 ND ND ND ND ND ND 
Navicula lanceolata lanceolata 3 0.4 ND ND ND ND ND ND 
Navicula lanceolata shaped 0 0.0 ND ND ND ND ND ND 
Navicula placentula placentula 0 0.0 ND ND ND ND ND ND 
Navicula pupula elliptica 1 0.1 ND ND ND ND ND ND 
....... 
Navicula pupula mutata 0 0.0 ND ND ND ND ND ND 
0 Navicula pupula pupula 0 0.0 ND ND ND ND ND ND 00 
Navicula pygmaea pygmaea 0 0.0 ND ND ND ND ND ND 
Navicula seminulum seminulum 1 0.1 ND ND ND ND ND ND 
Navicula sp. 0 0.0 ND ND ND ND ND ND 
Navicula sp. * 1 0.1 ND ND ND ND ND ND 
Navicula subarvensis subarvensis 19 2.6 ND ND ND ND ND ND 
Navicula subcapitata subcapitata 0 0.0 ND ND ND ND ND ND 
Navicula tenera tenera 0 0.0 ND ND ND ND ND ND 
Navicula viridula viridula 0 0.0 ND ND ND ND ND ND 
Nedium dubium constrictum 0 0.0 ND ND ND ND ND ND 
Nitzschia acicularis acicularis 0 0.0 ND ND ND ND ND ND 
Nitzschia amphibia amphibia 3 0.4 ND ND ND ND ND ND 
Nitzschia angustata angustata 0 0.0 ND ND ND ND ND ND 
Nitzschia hungarica hungarica 0 0.0 ND ND ND ND ND ND 
#CNTD = The Number of Individuals Counted Comm % = Community Percentage ND= No Data 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 18. Continued 
--------UPEMB-------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % #CNTD COMM % 
Nitzschla intermedia intermedia 0 0.0 ND ND ND ND ND ND 
Nitzschia sp. 0 0.0 ND ND ND ND ND ND 
Nitzschia tryblionella victoriae 0 0.0 ND ND ND ND ND ND 
Nitzschla umblicata or angustata 0 0.0 ND ND ND ND ND ND 
Nitzschla umblicata umblicata 0 0.0 ND ND ND ND ND ND 
Nitzschla valdestriata valdestriata 1 0.1 ND ND ND ND ND ND 
..... 
Pinnularia abaujensis abaujensis 0 0.0 ND ND ND ND ND ND 
0 Pinnularla sp. 0 0.0 ND ND ND ND ND ND \0 
Rhoicosphenia curvata 3 0.4 ND ND ND ND ND ND 
Surirella angustata angustata 0 0.0 ND ND ND ND ND ND 
Surirella angustatum angustatum 0 0.0 ND ND ND ND ND ND 
Surirella linearis constricta 0 0.0 ND ND ND ND ND ND 
Surirella ovata crumena 0 0.0 ND ND ND ND ND ND 
Surirella ovata ovata 1 0.1 ND ND ND ND ND ND 
Surirella ovata pinnata 0 0.0 ND ND ND ND ND ND 
Surirella sp. 0 0.0 ND ND ND ND ND ND 
Synedra acus acus 1 0.1 ND ND ND ND ND ND 
Synedra pulchella pulchella 1 0.1 ND ND ND ND ND ND 
Synedra rumpens meneghiniana 0 0.0 ND ND ND ND ND ND 
Synedrasp. 2 0.3 ND ND ND ND ND ND 
Synedra ulna 5 0.7 ND ND ND ND ND ND 
Tabellaria flocculosa flocculosa 0 0.0 ND ND ND ND ND ND 
#CNTD = The Number of Individuals Counted Comm % = Community Percentage ND= No Data 
Table 18. Continued 
--------UPEMB--------- --------DNEMB------- ------UPBFK-------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % #CNTD COMM % 
unknown 0 0.0 ND ND ND ND ND ND 
SPECIES RICHNESS 23 ND ND ND 
RELATIVE TOTAL 740 ND ND ND 
INDIVIDUALS (cm-2) 1406000 ND ND ND 
DIVERSITY INDEX (H') 0.54 ND ND ND 
...... 
MAXIMUM DIVERSITY (H'max) 1.36 ND ND ND 
...... EVENNESS (J) 0.40 ND ND ND 0 
TOTAL AREA COUNTED (mm2) 1.56345 ND ND ND 
#CNTD = The Number of Individuals Counted Comm%= Community Percentage ND= No Data 
Table 19. Relative number and community proportion of species observed on 11 July 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- -------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 1 0.2 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes lanceolata lanceolata 313 62.6 318 62.6 242 37.9 234 37.6 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis ovalis 0 0.0 0 0.0 0 0.0 0 0.0 
-
Amphora perpusilla perpusilla 0 0.0 0 0.0 3 0.5 3 0.5 
-
Amphorasp. 0 0.0 0 0.0 0 0.0 2 0.3 
- Amphora submontana submontana 0 0.0 0 0.0 7 1.1 0 0.0 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Calonels lagerstedtii lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis ventricosa minuta 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 108 21.6 78 15.4 161 25.2 147 23.6 
Cocconels placentula lineata 3 0.6 2 0.4 4 0.6 20 3.2 
Cocconeis placentula placentula 68 13.6 57 11.2 101 15.8 126 20.2 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Cymatopleura solea 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella affinls affinis 0 0.0 1 0.2 0 0.0 2 0.3 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 19. Continued 
--------UPEMB--------- -------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 0 0.0 0 0.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 0 0.0 0 0.0 
Fragilaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
-
Fragilaria vaucheriae vaucheriae 0 0.0 0 0.0 0 0.0 0 0.0 
- Gomphonema acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 N 
Gomphonema affine affine 0 0.0 0 0.0 0 0.0 0 0.0 
Gomphonema angustatum angustatum 0 0.0 16 3.1 14 2.2 1 0.2 
Gomphonema olivaceum olivaceum 0 0.0 3 0.6 3 0.5 1 0.2 
Gomphonema sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 0 0.0 0 0.0 
Melosira 0 0.0 0 0.0 2 0.3 0 0.0 
Meridion clrculare circulare 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula capitata capitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula exigua 0 0.0 1 0.2 12 1.9 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 19. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 0 0.0 0 0.0 3 0.5 3 0.5 
Navlcula gysingensis gysingensis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula lanceolata lanceolata 2 0.4 1 0.2 10 1.6 2 0.3 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 0 0.0 0 0.0 0 0.0 
-
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
-
Navicula pupula pupula 0 0.0 0 0.0 0 0.0 0 0.0 w 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula semlnulum seminulum 2 0.4 10 2.0 42 6.6 62 10.0 
Navicula sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Navlcula sp. * 0 0.0 0 0.0 0 0.0 0 0.0 
Navlcula subarvensis subarvensis 0 0.0 9 1.8 13 2.0 15 2.4 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navlcula tenera tenera 0 0.0 0 0.0 1 0.2 0 0.0 
Navicula viridula viridula 0 0.0 0 0.0 0 0.0 0 0.0 
Nedium dubium constrictum 0 0.0 0 0.0 0 0.0 0 0.0 
Nltzschia acicularis acicularis 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia amphibia amphibia 3 0.6 8 1.6 12 1.9 4 0.6 
Nitzschia angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschla hungarica hungarica 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 19. Continued 
-------UPEMB-------- -------DNEMB-------- --------UPBFK--------- --------DNBFK-------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umbllcata or angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata umblicata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia valdestriata valdestriata 0 0.0 1 0.2 1 0.2 0 0.0 
...... 
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 0.0 0 0.0 
...... Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 
.i:. 
Rhoicosphenia curvata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella llnearis constricta 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata ovata 1 0.2 0 0.0 2 0.3 0 0.0 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Synedrasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra ulna 0 0.0 0 0.0 0 0.0 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 19. Continued 
--------UPEMB--------- --------DNEMB-------- -------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % #CNTD COMM % # CNTD COMM % 
unknown 0 0.0 3 0.6 3 0.5 0 0.0 
SPECIES RICHNESS 8 14 21 15 
RELATIVE TOTAL 500 508 638 623 
INDIVIDUALS (cm-2) 440000 492760 484880 809900 
DIVERSITY INDEX (H') 0.44 0.56 0.79 0.71 
-
MAXIMUM DIVERSITY (H'max) 0.90 1.15 1.32 1.18 
-
EVENNESS (J) 0.49 0.49 0.60 0.60 VI 
TOTAL AREA COUNTED (mm2) 1.5691 3.8128 2.8507 2.9312 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 20. Relative number and community proportion of species observed on 25 July 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 2 0.3 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes lanceolata lanceolata 387 69.7 213 32.6 76 14.7 381 54.0 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis ovalls 0 0.0 0 0.0 0 0.0 0 0.0 
...... 
Amphora perpusilla perpusilla 1 0.2 0 0.0 1 0.2 9 1.3 
...... Amphorasp. 0 0.0 0 0.0 2 0.4 1 0.1 O'\ 
Amphora submontana submontana 5 0.9 3 0.5 2 0.4 1 0.1 
Amphora veneta 1 0.2 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtii lagerstedtii 1 0.2 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis ventricosa minuta 0 0.0 0 0.0 0 0.0 1 0.1 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 58 10.5 263 40.3 261 50.5 113 16.0. 
Cocconeis placentula lineata 0 0.0 2 0.3 8 1.5 1 0.1 
Cocconeis placentula placentula 43 7.7 153 23.4 139 26.9 99 14.0 
Cocconeis sp. 0 0.0 3 0.5 0 0.0 0 0.0 
Cyclotella meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Cymatopleura solea 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella affinis affinis 0 0.0 0 0.0 1 0.2 1 0.1 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 20. Continued 
--------UPEMB------- --------DNEMB-------- -------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbellasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 0 0.0 0 0.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 0 0.0 1 0.1 
Fragilaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
-
Fragilaria vaucheriae vaucheriae 0 0.0 0 0.0 0 0.0 0 0.0 
-
Gomphonema acuminatum acumlnatum 0 0.0 0 0.0 0 0.0 0 0.0 
-...I 
Gomphonema affine affine 0 0.0 1 0.2 0 0.0 0 0.0 
Gomphonema angustatum angustatum 23 4.1 2 0.3 3 0.6 3 0.4 
Gomphonema olivaceum olivaceum 5 0.9 1 0.2 1 0.2 0 0.0 
Gomphonema sp. 2 0.4 0 0.0 0 0.0 1 0.1 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acumlnatum acuminatum 4 0.7 3 0.5 2 0.4 2 0.3 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 0 0.0 0 0.0 
Melosira 0 0.0 0 0.0 0 0.0 1 0.1 
Meridion clrculare clrculare 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula capitata capitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula exigua 1 0.2 0 0.0 1 0.2 7 1.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 20. Continued 
--------UPEMB-------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 0 0.0 0 0.0 2 0.4 0 0.0 
Navicula gysingensis gyslngensis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula lanceolata lanceolata 9 1.6 2 0.3 4 0.8 12 1.7 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 0 0.0 0 0.0 0 0.0 
..... 
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
..... Navicula pupula pupula 0 0.0 0 0.0 2 0.4 0 0.0 00 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula seminulum seminulum 0 0.0 1 0.2 2 0.4 46 6.5 
Navlcula sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula sp. * 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula subarvensis subarvensis 2 0.4 1 0.2 3 0.6 2 0.3 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula tenera tenera 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula vlridula 5 0.9 0 0.0 0 0.0 0 0.0 
Nedium dubium constrictum 0 0.0 1 0.2 0 0.0 0 0.0 
Nitzschia acicularis acicularis 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia amphibia amphibia 6 1.1 1 0.2 6 1.2 12 1.7 
Nitzschia angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia hungarlca hungarica 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 20. Continued 
------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata or angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata umblicata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia valdestriata valdestriata 2 0.4 0 0.0 0 0.0 3 0.4 
-
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 0.0 0 0.0 
-
Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 IO 
Rhoicosphenia curvata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella linearis constricta 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata ovata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra ulna 0 0.0 0 0.0 0 0.0 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
...... 
tJ 
0 
Table 20. Continued 
ORGANISMS 
unknown 
SPECIES RICHNESS 
RELATIVE TOTAL 
INDIVIDUALS (cm-2) 
DIVERSITY INDEX (H') 
MAXIMUM DIVERSITY (H'max) 
EVENNESS (J) 
TOTAL AREA COUNTED (mm2) 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
# CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
0 0.0 3 0.5 0 0.0 6 0.9 
17 16 19 22 
555 653 517 705 
777000 352620 149930 669750 
0.52 0.56 0.60 0.67 
1.23 1.20 1.28 1.34 
0.42 0.46 0.47 0.50 
1.5385 2.1948 4.4544 2.387 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 21. Relative number and community proportion of species observed on 8 August 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes lanceolata lanceolata 234 39.7 47 9.3 26 5.2 250 39.7 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis ovalis 0 0.0 0 0.0 0 0.0 0 0.0 
...... 
Amphora perpusilla perpusilla 2 0.3 0 0.0 2 0.4 11 1.7 
N Amphorasp. 0 0.0 2 0.4 1 0.2 1 0.2 ...... 
Amphora submontana submontana 2 0.3 5 1.0 1 0.2 13 2.1 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtii lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 1 0.2 
Caloneis ventricosa minuta 0 0.0 1 0.2 0 0.0 6 1.0 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 151 25.6 102 20.1 18 3.6 101 16.1 
Cocconeis placentula lineata 0 0.0 1 0.2 0 0.0 6 1.0 
Cocconeis placentula placentula 92 15.6 99 19.5 27 5.4 40 6.4 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 8 1.4 37 7.3 3 0.6 0 0.0 
Cymatopleura solea 1 0.2 0 0.0 0 0.0 0 0.0 
Cymbella affinis affinis 0 0.0 0 0.0 1 0.2 1 0.2 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 21. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 1 0.2 
Cymbellasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 0 0.0 0 0.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 0 0.0 0 0.0 
Fragilaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
-
Fragilaria vaucheriae vaucheriae 0 0.0 0 0.0 0 0.0 0 0.0 
N Gomphonema acuminatum acuminatum 0 0.0 0 0.0 1 0.2 0 0.0 N 
Gomphonema affine affine 4 0.7 2 0.4 1 0.2 0 0.0 
Gomphonema angustatum angustatum 12 2.0 47 9.3 9 1.8 2 0.3 
Gomphonema olivaceum olivaceum 0 0.0 0 0.0 2 0.4 0 0.0 
Gomphonema sp. 0 0.0 0 0.0 1 0.2 1 0.2 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acuminatum acuminatum 13 2.2 4 0.8 11 2.2 6 1.0 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 0 0.0 0 0.0 
Melosira 0 0.0 2 0.4 1 0.2 0 0.0 
Meridion circulare circulare 1 0.2 0 0.0 0 0.0 0 0.0 
Navicula capltata capitata 0 0.0 1 0.2 0 0.0 0 0.0 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 1 0.2 3 0.5 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula exigua 4 0.7 4 0.8 0 0.0 19 3.0 
# CNTD = The Number of Individuals Counted Comm%= Community Percentage 
Table 21. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 2 0.3 7 1.4 5 1.0 0 0.0 
Navicula gysingensis gysingensis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula lanceolata lanceolata 17 2.9 33 6.5 31 6.2 23 3.7 
Navicula lanceolata shaped 0 0.0 0 0.0 1 0.2 0 0.0 
Navicula placentula placentula 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 0 0.0 0 0.0 0 0.0 
..... 
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
tJ Navicula pupula pupula 0 0.0 0 0.0 0 0.0 0 0.0 w 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula seminulum seminulum 5 0.8 5 1.0 15 3.0 79 12.6 
Navicula sp. 1 0.2 0 0.0 0 0.0 2 0.3 
Navicula sp. * 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula subarvensis subarvensis 7 1.2 3 0.6 0 0.0 6 1.0 
Navlcula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 2 0.3 
Navicula tenera tenera 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula viridula viridula 19 3.2 18 3.5 45 8.9 0 0.0 
Nedium dubium constrictum 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia acicularis acicularis 0 0.0 3 0.6 1 0.2 2 0.3 
Nitzschla amphibia amphibia 6 1.0 70 13.8 284 56.3 42 6.7 
Nitzschia angustata angustata 0 0.0 0 0.0 0 0.0 1 0.2 
Nitzschia hungarica hungarica 0 0.0 1 0.2 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 21. Continued 
--------UPEMB--------- --------DNEMB------- ------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 3 0.6 0 0.0 
Nitzschia sp. 1 0.2 0 0.0 8 1.6 2 0.3 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umbllcata or angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata umblicata 1 0.2 0 0.0 0 0.0 0 0.0 
Nitzschia valdestriata valdestriata 2 0.3 5 1.0 4 0.8 2 0.3 
-
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 0.0 0 0.0 
N Pinnularia sp. 0 0.0 2 0.4 0 0.0 0 0.0 ~ 
Rhoicosphenia curvata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella linearis constricta 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata ovata 0 0.0 4 0.8 1 0.2 0 0.0 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Synedrasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra ulna 0 0.0 0 0.0 0 0.0 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 21. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
unknown 5 0.8 3 0.6 0 0.0 6 1.0 
SPECIES RICHNESS 23 26 27 27 
RELATIVE TOTAL 590 508 504 629 
INDIVIDUALS (cm-2) 312700 60960 856800 1320900 
DIVERSITY INDEX (H') 0.7899 1.03 0.777 0.90 
-
MAXIMUM DIVERSITY (H'max) 1.36 1.41 1.43 1.43 
tv EVENNESS (J) 0.58 0.73 0.54 0.63 lJ1 
TOTAL AREA COUNTED (mm2) 4.8932 11.58 5.4899 2.16019 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 22. Relative number and community proportion of species observed on 25 August 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes lanceolata lanceolata 184 29.6 148 23.4 56 10.5 102 17.7 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 0 0.0 0 0.0 0 0.0 1 0.2 
Amphora ovalis ovalis 0 0.0 0 0.0 0 0.0 0 0.0 
-
Amphora perpusilla perpusilla 0 0.0 2 0.3 1 0.2 26 4.5 
IV Amphorasp. 0 0.0 0 0.0 0 0.0 3 0.5 CJ\ 
Amphora submontana submontana 1 0.2 0 0.0 1 0.2 3 0.5 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtii lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 2 0.3 
Caloneis ventricosa minuta 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 203 32.7 262 41.5 63 11.8 117 20.3 
Cocconeis placentula lineata 1 0.2 0 0.0 0 0.0 3 0.5 
Cocconeis placentula placentula 181 29.1 199 31.5 56 10.5 77 13.4 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 0 0.0 0 0.0 0 0.0 7 1.2 
Cymatopleura solea 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella affinis affinis 0 0.0 0 0.0 0 0.0 3 0.5 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 22. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida tumida 0 0.0 0 0.0 0 0.0 1 0.2 
Diatoma vulgare vulgare 0 0.0 0 0.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 2 0.4 0 0.0 
Fragilaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
-
Fragilaria vaucheriae vaucheriae 0 0.0 0 0.0 0 0.0 0 0.0 
tv Gomphonema acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 -..J 
Gomphonema affine affine 1 0.2 0 0.0 0 0.0 0 0.0 
Gomphonema angustatum angustatum 10 1.6 0 0.0 21 3.9 0 0.0 
Gomphonema olivaceum olivaceum 1 0.2 2 0.3 2 0.4 0 0.0 
Gomphonema sp. 0 0.0 0 0.0 3 0.6 2 0.3 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acuminatum acuminatum 1 0.2 0 0.0 10 1.9 4 0.7 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 2 0.4 0 0.0 
Melosira 0 0.0 0 0.0 0 0.0 0 0.0 
Meridion circulare circulare 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula capitata capitata 0 0.0 0 0.0 0 0.0 1 0.2 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 2 0.4 1 0.2 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 1 0.2 
Navicula exigua 0 0.0 1 0.2 0 0.0 3 0.5 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 22. Continued 
--------U PEM 8--------- --------ON EM 8-------- --------UP 8FK--------- --------0 N BFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 0 0.0 1 0.2 6 1.1 7 1.2 
Navicula gysingensis gysingensis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula lanceolata lanceolata 23 3.7 5 0.8 78 14.6 7 1.2 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 1 0.2 0 0.0 0 0.0 0 0.0 
-
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
N Navicula pupula pupula 0 0.0 0 0.0 3 0.6 0 0.0 00 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula seminulum seminulum 2 0.3 8 1.3 6 1.1 133 23.1 
Navicula sp. 0 0.0 0 0.0 3 0.6 0 0.0 
Navicula sp. * 0 0.0 0 0.0 1 0.2 0 0.0 
Navicula subarvensis subarvensis 5 0.8 0 0.0 0 0.0 18 3.1 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula tenera tenera 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula viridula viridula 1 0.2 0 0.0 47 8.8 17 3.0 
Nedium dubium constrictum 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia acicularis acicularis 0 0.0 0 0.0 2 0.4 0 0.0 
Nitzschia amphibia amphibia 2 0.3 0 0.0 156 29.2 21 3.6 
Nitzschia angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia hungarica hungarica 0 0.0 0 0.0 0 0.0 2 0.3 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 22. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 1 0.2 0 0.0 5 0.9 2 0.3 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata or angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata umblicata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia valdestriata valdestriata 2 0.3 2 0.3 0 0.0 1 0.2 
.... 
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 0.0 0 0.0 
tv Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 \0 
Rhoicosphenia curvata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella linearis constricta 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 1 0.2 1 0.2 
Surirella ovata ovata 0 0.0 0 0.0 1 0.2 0 0.0 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 0 0.0 0 0.0 1 0.2 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Synedrasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra ulna 0 0.0 0 0.0 0 0.0 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
-w 0 
Table 22. Continued 
ORGANISMS 
unknown 
SPECIES RICHNESS 
REL.A TIVE TOTAL 
INDIVIDUALS (cm-2) 
DIVERSITY INDEX (H') 
MAXIMUM DIVERSITY (H'max) 
EVENNESS (J) 
TOTAL AREA COUNTED (mm2) 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK-------
# CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
1 0.2 2 0.3 5 0.9 10 1.7 
18 11 26 29 
621 632 534 576 
484380 530880 21360 345600 
0.63 0.55 0.97 0.99 
1.26 1.04 1.41 1.46 
0.51 0.52 0.69 0.67 
1.5945 1.6185 15.507 2.9954 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 23. Relative number and community proportion of species observed on 8 September 1990 at all sample sites. 
--------UPEMB-------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 4 0.7 0 0.0 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 1 0.2 0 0.0 
Achnanthes lanceolata lanceolata 75 13.3 190 35.4 131 22.8 110 17.3 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 5 0.9 0 0.0 1 0.2 13 2.0 
Amphora ovalis ovalis 0 0.0 0 0.0 0 0.0 2 0.3 
-
Amphora perpusilla perpusilla 10 1.8 6 1.1 1 0.2 10 1.6 
w Amphorasp. 1 0.2 6 1.1 0 0.0 2 0.3 
- Amphora submontana submontana 7 1.2 3 0.6 1 0.2 12 1.9 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtil lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisil inflata 0 0.0 2 0.4 1 0.2 0 0.0 
Caloneis ventricosa minuta 0 0.0 1 0.2 0 0.0 2 0.3 
Cocconeis pediculus 0 0.0 0 0.0 1 0.2 0 0.0 
Cocconeis placentula euglypta 149 26.3 79 14.7 5 0.9 50 7.8 
Cocconeis placentula lineata 0 0.0 4 0.7 5 0.9 6 0.9 
Cocconeis placentula placentula 72 12.7 50 9.3 3 0.5 37 5.8 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 18 3.2 11 2.0 110 19.1 143 22.4 
Cymatopleura solea 1 0.2 0 0.0 0 0.0 0 0.0 
Cymbella affinis affinis 0 0.0 2 0.4 0 0.0 3 0.5 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 4 0.6 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 23. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 1 0.2 0 0.0 0 0.0 0 0.0 
Diploneis oblongella oblongella 0 0.0 0 0.0 0 0.0 1 0.2 
Fragilaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
...... 
Fragilaria vaucheriae vaucheriae 0 0.0 0 0.0 0 0.0 0 0.0 
w Gomphonema acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 N 
Gomphonema affine affine 0 0.0 2 0.4 0 0.0 0 0.0 
Gomphonema angustatum angustatum 1 0.2 0 0.0 9 1.6 1 0.2 
Gomphonema olivaceum olivaceum 0 0.0 0 0.0 0 0.0 1 0.2 
Gomphonema sp. 0 0.0 1 0.2 1 0.2 0 0.0 
Gomphonema truncatum 0 0.0 0 0.0 1 0.2 0 0.0 
Gyrosigma acuminatum acuminatum 0 0.0 6 1.1 5 0.9 22 3.5 
Hantzschia amphioxys amphioxys 2 0.4 0 0.0 2 0.3 2 0.3 
Melosira 0 0.0 1 0.2 2 0.3 1 0.2 
Meridion circulare circulare 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula capitata capitata 2 0.4 0 0.0 1 0.2 2 0.3 
Navicula circumtexta circumtexta 0 0.0 2 0.4 0 0.0 0 0.0 
Navicula cuspidata cuspidata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula decussis decussis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula exigua 0 0.0 6 1.1 1 0.2 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 23. Continued 
--------UPEMB-------- --------DNEMB------- -------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM% # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 0 0.0 3 0.6 6 1.0 8 1.3 
Navicula gyslngensis gysingensis 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula lanceolata lanceolata 144 25.4 99 18.4 32 5.6 71 11.1 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 1 0.2 0 0.0 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 0 0.0 0 0.0 0 0.0 
...... 
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
w Navicula pupula pupula 0 0.0 0 0.0 12 2.1 1 0.2 w 
Navicula pygmaea pygmaea 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula seminulum seminulum 10 1.8 19 3.5 28 4.9 53 8.3 
Navicula sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula sp. * 0 0.0 2 0.4 0 0.0 0 0.0 
Navicula subarvensis subarvensis 1 0.2 3 0.6 5 0.9 3 0.5 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula tenera tenera 1 0.2 7 1.3 3 0.5 0 0.0 
Navicula vlridula viridula 7 1.2 0 0.0 66 11.5 0 0.0 
Nedium dubium constrictum 7 1.2 2 0.4 0 0.0 0 0.0 
Nitzschla acicularis acicularis 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia amphibia amphibia 4 0.7 9 1.7 92 16.0 63 9.9 
Nitzschia angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia hungarica hungarica 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 23. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 11 1.9 1 0.2 8 1.4 3 0.5 
Nitzschia tryblionella victoriae 0 0.0 0 o.a 0 a.o 0 0.0 
Nitzschia umblicata or angustata 0 0.0 a o.a a a.o 0 0.0 
Nitzschia umblicata umblicata 0 0.0 0 0.0 1 0.2 0 a.o 
Nitzschia valdestriata valdestriata 4 0.7 4 0.7 0 a.o 3 0.5 
-
Pinnularia abaujensis abaujensis 0 0.0 0 0.0 0 a.o 0 0.0 
w Pinnularia sp. 0 a.o 0 o.a 0 a.o a 0.0 
""" Rhoicosphenla curvata 0 a.o 2 0.4 1 a.2 a a.a 
Surirella angustata angustata 0 a.a a a.a a o.a a a.o 
Surirella angustatum angustatum a a.o a o.a a a.a a o.a 
Surirella linearis constricta a 0.0 a o.a a a.o a 0.0 
Surirella ovata crumena 0 0.0 1 0.2 a a.o 0 0.0 
Surirella ovata ovata 2 0.4 2 0.4 3 0.5 1 0.2 
Surirella ovata pinnata 0 0.0 a o.a 1 0.2 0 0.0 
Surirella sp. 4 0.7 a 0.0 0 0.0 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 a.a 0 a.a 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 a o.a 
Synedra sp. 0 0.0 1 0.2 a 0.0 0 0.0 
Synedra ulna 0 0.0 0 o.a 0 a.o a 0.0 
T abellaria flocculosa flocculosa 0 0.0 1 0.2 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
..... 
w 
UI 
Table 23. Continued 
ORGANISMS 
unknown 
SPECIES RICHNESS 
RELATIVE TOTAL 
INDIVIDUALS (cm-2) 
DIVERSITY INDEX (H') 
MAXIMUM DIVERSITY (H'max) 
EVENNESS (J) 
TOTAL AREA COUNTED (mm2) 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
# CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
26 4.6 9 1.7 31 5.4 7 1.1 
26 33 34 30 
566 537 575 637 
9622 64440 80500 458640 
0.93 0.95 1.03 1.06 
1.41 1.52 1.53 1.48 
0.66 0.62 0.67 0.72 
13.711 12.688 5.2163 2.9929 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 24. Relative number and community proportion of species observed on 22 September 1990 at all sample sites. 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Achnanthes exigua heterovalva 0 0.0 0 0.0 0 0.0 0 0.0 
Achnanthes hauckiana hauckiana 0 0.0 0 0.0 0 0.0 1 0.2 
Achnanthes lanceolata lanceolata 25 4.8 71 13.1 27 5.3 5 0.8 
Achnanthes sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Amphora ovalis affinis 4 0.0 8 1.5 0 0.0 2 0.3 
Amphora ovalis ovalis 0 0.0 0 0.0 0 0.0 0 0.0 
-
Amphora perpusilla perpusilla 0 0.0 10 1.8 0 0.0 3 0.5 
w Amphorasp. 0 0.0 6 1.1 0 0.0 0 0.0 0\ 
Amphora submontana submontana 5 1.0 17 3.1 4 0.0 0 0.0 
Amphora veneta 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lagerstedtii lagerstedtii 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis lewisii inflata 0 0.0 0 0.0 0 0.0 0 0.0 
Caloneis ventricosa minuta 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis pediculus 0 0.0 0 0.0 0 0.0 0 0.0 
Cocconeis placentula euglypta 65 12.5 85 15.7 16 3.1 2 0.3 
Cocconeis placentula lineata 0 0.0 3 0.6 1 0.2 0 0.0 
Cocconeis placentula placentula 61 11.7 55 10.2 9 1.8 0 0.0 
Cocconeis sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cyclotella meneghiniana 56 10.0 18 3.3 65 12.7 549 86.7 
Cymatopleura solea 2 0.4 2 0.4 0 0.0 0 0.0 
Cymbella affinis affinis 0 0.0 0 0.0 1 0.2 0 0.0 
Cymbella ovalis affinis 0 0.0 0 0.0 0 0.0 0 0.0 
--
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 24. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Cymbella sinuata sinuata 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbellasp. 0 0.0 0 0.0 0 0.0 0 0.0 
Cymbella tumida 0 0.0 0 0.0 0 0.0 0 0.0 
Diatoma vulgare vulgare 0 0.0 0 0.0 0 0.0 0 0.0 
Diplonels oblongella oblongella 0 0.0 0 0.0 0 0.0 4 0.6 
Fragllaria capucina 0 0.0 0 0.0 0 0.0 0 0.0 
-
Fragilaria vaucheriae vaucheriae 0 0.0 1 0.2 0 0.0 0 0.0 
w Gomphonema acuminatum acuminatum 0 0.0 0 0.0 0 0.0 0 0.0 
-J 
Gomphonema affine affine 0 0.0 3 0.6 0 0.0 0 0.0 
Gomphonema angustatum angustatum 1 0.2 1 0.2 1 0.2 0 0.0 
Gomphonema olivaceum olivaceum 3 0.6 1 0.2 1 0.2 0 0.0 
Gomphonema sp. 1 0.2 1 0.2 2 0.4 0 0.0 
Gomphonema truncatum 0 0.0 0 0.0 0 0.0 0 0.0 
Gyrosigma acuminatum acuminatum 7 1.3 4 0.7 7 1.4 3 0.5 
Hantzschia amphioxys amphioxys 0 0.0 0 0.0 1 0.2 0 0.0 
Melosira 0 0.0 0 0.0 2 0.4 0 0.0 
Meridion circulare circulare 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula capitata capitata 0 0.0 1 0.2 4 0.8 2 0.3 
Navicula circumtexta circumtexta 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula cuspidata cuspidata 1 0.2 0 0.0 1 0.2 0 0.0 
Navicula decussis decussis 2 0.4 3 0.6 0 0.0 0 0.0 
Navicula exigua 0 0.0 2 0.4 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
Table 24. Continued 
--------UPEMB--------- --------DNEMB-------- --------UPBFK--------- --------DNBFK--------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Navicula fluens fluens 2 0.4 12 2.2 7 1.4 1 0.2 
Navicula gysingensis gysingensis 0 0.0 1 0.2 0 0.0 0 0.0 
Navicula lanceolata lanceolata 221 42.5 143 26.4 17 3.3 1 0.2 
Navicula lanceolata shaped 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula placentula placentula 0 0.0 2 0.4 0 0.0 0 0.0 
Navicula pupula elliptica 0 0.0 1 0.2 0 0.0 0 0.0 
...... 
Navicula pupula mutata 0 0.0 0 0.0 0 0.0 0 0.0 
w Navicula pupula pupula 1 0.2 0 0.0 2 0.4 0 0.0 00 
Navicula pygmaea pygmaea 0 0.0 0 0.0 2 0.4 0 0.0 
Navicula seminulum seminulum 3 0.6 15 2.8 2 0.4 3 0.5 
Navicula sp. 1 0.2 2 0.4 0 0.0 1 0.2 
Navicula sp. * 2 0.4 0 0.0 0 0.0 0 0.0 
Navicula subarvensis subarvensis 0 0.0 1 0.2 3 0.6 1 0.2 
Navicula subcapitata subcapitata 0 0.0 0 0.0 0 0.0 0 0.0 
Navicula tenera tenera 1 0.2 7 1.3 2 0.4 0 0.0 
Navicula viridula viridula 0 0.0 7 1.3 151 29.6 12 1.9 
Nedium dubium constrictum 3 0.6 0 0.0 1 0.2 0 0.0 
Nitzschia acicularis acicularis 0 0.0 0 0.0 3 0.6 0 0.0 
Nitzschia amphibia amphibia 12 2.3 18 3.3 150 29.4 36 5.7 
Nitzschia angustata angustata 0 0.0 1 0.2 0 0.0 0 0.0 
Nitzschia hungarica hungarica 0 0.0 3 0.6 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
*Navicula seminulum radiosa, N. radiosa minutisima or N. notha notha 
Table 24. Continued 
--------U PEM 8--------- --------DN EM 8-------- --------U P8FK--------- --------DN 8FK---------
ORGANISMS # CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
Nitzschia intermedia intermedia 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia sp. 1 0.2 5 0.9 12 2.4 1 0.2 
Nitzschia tryblionella victoriae 0 0.0 0 0.0 1 0.2 0 0.0 
Nitzschia umblicata or angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Nitzschia umblicata umblicata 3 0.6 2 0.4 3 0.6 0 0.0 
Nitzschia valdestriata valdestriata 4 0.8 10 1.8 2 0.4 0 0.0 
...... 
Pinnularia abaujensis abaujensis 0 0.0 1 0.2 0 0.0 0 0.0 
w Pinnularia sp. 0 0.0 0 0.0 0 0.0 0 0.0 IO 
Rhoicosphenia curvata 0 0.0 1 0.2 0 0.0 0 0.0 
Surirella angustata angustata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella angustatum angustatum 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella linearis constricta 2 0.4 0 0.0 0 0.0 0 0.0 
Surirella ovata crumena 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella ovata ovata 6 1.2 5 0.9 0 0.0 1 0.2 
Surirella ovata pinnata 0 0.0 0 0.0 0 0.0 0 0.0 
Surirella sp. 1 0.2 0 0.0 0 0.0 0 0.0 
Synedra acus acus 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra pulchella pulchella 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra rumpens meneghiniana 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra sp. 0 0.0 0 0.0 0 0.0 0 0.0 
Synedra ulna 0 0.0 0 0.0 1 0.2 0 0.0 
Tabellaria flocculosa flocculosa 0 0.0 0 0.0 0 0.0 0 0.0 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
....... 
~ 
0 
Table 24. Continued 
ORGANISMS 
unknown 
SPECIES RICHNESS 
RELATIVE TOTAL 
INDIVIDUALS (cm-2) 
DIVERSITY INDEX (H') 
MAXIMUM DIVERSITY (H'max) 
EVENNESS (J) 
TOTAL AREA COUNTED (mm2) 
--------U PEMB--------- --------DN EM 8-------- --------U PBFK--------- --------DNBFK--------
# CNTD COMM % # CNTD COMM % # CNTD COMM % # CNTD COMM % 
13 2.5 12 2.2 9 1.8 5 0.8 
30 39 32 19 
520 541 510 633 
2600 38952 168300 75960 
0.90 1.12 0.93 0.29 
1.48 1.59 1.51 1.28 
0.61 0.71 0.62 0.23 
24.175 10.648 16.347 3.6890 
# CNTD = The Number of Individuals Counted Comm % = Community Percentage 
